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Type 503 





Introduction 



The Tektronix Type 503 Oscilloscope is a low-frequency, 
high-sensitivity laboratory instrument providing accurate 
measurements in the range from dc to 450 kc. Identical 
vertical and horizontal amplifiers may be used for accurate 
curve plotting in the X-Y mode of operation. Both amplifiers 
may be operated with single-ended inputs for conventional 
operation, or with differential inputs for cancellation of com- 
mon-mode signals. Sweep rates to 1 microsecond per centi- 
meter, combined with sweep magnification factors to 50, 
provide effective calibrated sweep rates to 0.1 microsecond 
per centimeter. 

Vertical and Horizontal Deflection System 

Input Impedance — 1 megohm paralleled by 47jj,jj.f. 

Coupling — AC or DC 

Deflection Factors — Fourteen calibrated deflection factors 
from 1 millivolt to 20 volts per centimeter, accurate with- 
in 3%. 

Bandpass — DC to 450 kc. 

Differential Input Rejection Ratio — 100 to 1 from 1 millivolt 
to 0.2 volts per centimeter sensitivity; 50 to 1 from 0.5 
volts to 20 volts per centimeter sensitivity. The rejection 
ratios specified apply if the signal voltages at the INPUT 
connectors do not exceed the following limits: ±2 volts 
dc, or 4 volts peak-to-peak ac, at sensitivities of 1 milli- 
volt to 20 volts per centimeter; ±20 volts dc, or 40 volts 
peak-to-peak ac, at sensitivities of 0.5 volts to 20 volts 
per centimeter; ±200 volts dc, or 400 volts peak-to-peak 
ac, at sensitivities of 5 volts to 20 volts per centimeter. 

Triggering 

Type — Automatic, or amplitude-level selection using preset 
stability. 

Coupling — AC or DC. 

Slope — Plus, from rising slope of triggering waveform, or 
minus, from negative slope of triggering waveform. 

Source — Internal from vertical signal, external from trigger- 
ing signal, or line from 60 cps, ac. 

Signal Requirements — Internal: signal producing 0.5 cm 
vertical deflection. External: 0.5 volt to 10 volts of either 
polarity. 
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Sweep 

Type — Miller Integrator. 

Rates — Twenty-one calibrated sweep rates from 1 micro- 
second to 5 seconds per centimeter. Accuracy typically 
within 1 % of the indicated sweep rate; in all cases with- 
in 3%. 

Magnifier — Displayed waveforms can be expanded hori- 
zontally by a factor of 2, 5, 10, 20, or 50. Calibration 
of magnified sweep rates accurate within 5% of sweep 
rates which do not exceed the maximum calibrated rate 
of 0.1 microsecond per centimeter. 

Amplitude Calibrator 

Waveform — Square waves at approximately 350 cps. 

Amplitude — 5 millivolts and 500 millivolts peak-to-peak. 

Cathode-Ray Tube 

Type— T503P 

Phosphor — Type P2 normally furnished; PI, P7, and Pll 
phosphors optional. Other phosphors available on special 
order. 

Accelerating Potential — 3000 volts. 

Z-Axis Modulation — External terminal permits RC coupling 
to crt grid. 

Graticule 

Illumination — Variable edge lighting. 

Display Area — Marked in 8 vertical and 10 horizontal 1- 
centimeter divisions with 2-millimeter markings on the 
center lines. 

Power Supplies 

Electronically regulated for stable operation with widely 
varying line voltages and loads. 

Line Voltage Requirements — 105 to 125 volts or 210 to 250 
volts at 50-60 cycles. Will operate at line frequencies 
up to 800 cps with higher line voltages (see Section 2). 

Power Requirements — Approximately 110 watts. 
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Mechanical Specifications 



Accessories 



Construction — Aluminum alloy chassis and cabinet. 

Finish — Photo-etched anodized panel, blue vinyl-finish cabi- 
net. 

Dimensions— 21 '4 " long, 9'^U" wide, IS’/j" high. 

Weight — 29 pounds. 



t=-Gieeii Filler 

2 — Type A510 Binding Post Adapters 
1 — Instruction Manual 

1 — Parts List and Schematic Diagrams Booklet 








Power Requirements 

The Type 503 Oscilloscope line transformer primary can 
be wired for either 117-volt or 234-volt operation, at a 
line frequency of 50 to 60cps. At this line frequency, pro- 
per regulation of the power supply will be obtained at 
line voltages between 105 volts and 125 volts when the line 
transformer is wired for 117-volt operation and between 
210 volts and 250 volts when the line transformer is wired 

for 234-volt operation. Fig. 2-1 shows the transformer 

connections required for each range of operation. 

The Type 503 Oscilloscope can be operated at any ac 
line frequency from 50cps up to 800 cps, although higher 

line voltages are required at the higher line frequencies. 

At an ac line frequency of 400 cps, the nominal and lower 



SECTIOIM 2 



PRELIMINARY 

INFORMATION 



and upper limits are about 10% higher than at 50-60 cps. 
At a line frequency of 800 cps, the nominal and lower and 
upper limits are about 15% higher than at 50-60 cps. At 
line frequencies between the specific values given, the re- 
quired line voltages will be proportionately larger or smal- 
ler. For maximum dependability and long life, it is re- 
commended that the line voltage be kept at or slightly be- 
low the nominal. 

Fuse Requirements 

Use a 1.25-amp slow-blowing type fuse when the Type 
503 is wired for 117-volt operation. Use a 0.8-amp slow- 
blowing type fuse when the Type 503 is wired for 234-volt 
operation. 




line 




From ac line 



wired for 234-volt operation. 



Fig. 2-1. Line transformer wired for 117- and 234-volt operation. 
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FRONT PANEL CONTROLS AND CONNECTORS 

The front panel of the Type 503 Oscilloscope is shown 
in Fig. 3-1. Functions of all front panel controls and con- 
nectors are described in Table 3-1. 

TABLE 3-1 

SLOPE Determines whether triggering occurs on 

rising portion (-F slope) or falling portion 
(— slope) of triggering waveform. 

COUPLING Selects whether triggering will occur at a 
specific dc level or at an ac level. 

SOURCE Selects the source of the triggering signal. 

EXTERNAL TRIG. Input connector for external triggering 

IN signals. 

LEVEL Selects the voltage point on the trigger- 

ing waveform at which the horizontal 
sweep is triggered. This control also 
selects automatic triggering (AUTO, posi- 
tion) or allows the sweep to free run (FREE 
RUN position.) 

SWEEP TIME/CM Selects the desired horizontal sweep rate 
from a choice of 21 calibrated steps. 

SWEEP TIME/CM Provides a continuous range of sweep 
VARIABLE (red) rates between the fixed steps selected by 
the SWEEP TIME/CM switch. (The sweep 
rates are calibrated only when the VARI- 
ABLE control is set fully clockwise to the 
CALIBRATED position.) 

SWEEP STABIL- Provides for a stable presentation when 
ITY ADJUST the LEVEL control is in the AUTO, posi- 
tion. 

FOCUS Focuses the trace or spot on the screen. 

ASTIGMATISM Controls roundness of the spot on the 
screen. (This control is located inside on 
instruments with serial numbers 000270 
and above). 

INTENSITY Controls the brightness of the trace or 

spot on the screen. 

POWER AND Turns instrument power on and off, and 
SCALE ILLUM. controls graticule illumination. 
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CAL. OUT con- Provide amplitude-calibrated square 
nectors waves of 5 and 500 millivolts for use in 

calibrating gain of amplifiers. 

HORIZONTAL Selects conventional (horizontal sweep) 

DISPLAY or X-Y mode of operation. Also provides 

magnification of sweep rate selected by 
SWEEP TIME/CM control. 

VERTICAL CHANNEL 

POSITION Controls vertical positioning of the display 

on the screen. 

SENSITIVITY Selects the sensitivity of the Vertical 

Amplifier from 14 calibrated steps. 

SENSITIVITY Provides a continuous range of sensitivity 
VARIABLE (red) values between the fixed calibrated steps 
selected by SENSITIVITY control. (Nor- 
mally, sensitivity is calibrated only when 
VARIABLE control is in CALIBRATED posi- 
tion.) 

DC BAL. Provides for vertical stability of no-signal 

trace for all positions of the SENSITIVITY 
control. 

-(-INPUT and Input connectors for signal to be display- 
— INPUT con- ed vertically. (Signals connected to the 
nectors —INPUT connector will be displayed in- 

verted.) 

-(-INPUT and Select desired coupling for incoming sig- 

-INPUT nal. 

switches 

HORIZONTAL CHANNEL 

DC BAL. Provides for horizontal stability of no- 

signal trace for all positions of SENSI- 
TIVITY control. 

SENSITIVITY Selects the sensitivity of the Horizontal 
Amplifier from 14 calibrated steps. 

SENSITIVITY Provides a continuous range of sensitivity 

VARIABLE (red) values between the fixed calibrated steps 

selected by the SENSITIVITY control. 
(Normally, sensitivity is calibrated only 
when VARIABLE control is in CALIBRATED 
position.) 

POSITION Controls horizontal positioning of the dis- 

play on the screen. 
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+ INPUT and 
-INPUT con- 
nectors 



Input connectors for signal to be display- 
ed horizontally. (Signals connected to the 
—INPUT connector will be displayed in- 
verted.) 



+ INPUT and Select desired coupling for incoming sig- 

— INPUT nal. 

switches 



PRELIMINARY INSTRUCTIONS 



To initially set up the Type 503 Oscilloscope for opera- 
tion, proceed as follows; 



Graticule Illumination 

Graticule illumination can be adjusted to suit the lighting 
conditions of the room by means of the POWER AND 
SCALE ILLUM. control. Turning the control clockwise (but 
not to the PWR. OFF position) increases the graticule il- 
lumination. It is possible to extinguish the graticule illumina- 
tion completely by turning the control fully clockwise. 

The graticule of the Type 503 Oscilloscope can be il- 
luminated so that it appears to have either red or white 
graticule markings. The markings can be changed from 
white to red or red to white simply by removing the grati- 
cule cover and inverting the graticule. As a general rule, 
white graticule lines are superior to red for photographic 
purposes. 



1. Connect the oscilloscope to a suitable source of power 
(refer to Section 2 of this manual), and turn the POWER 
switch clockwise from the POWER OFF position. Set the 
INTENSITY control fully counterclockwise. Let the instru- 
ment warm up for about 5 minutes. 

2. Set the HORIZONTAL DISPLAY switch to the HORIZ. 
AMPLIFIER position. 

3. Set all of the INPUT switches to the GND position. 

4. Set the two SENSITIVITY switches to the .2 VOLTS/CM 
position and the SENSITIVITY VARIABLE controls to the 
CALIBRATED position (fully clockwise until they snap into 
position). 

5. Set both POSITION controls to mid-range and advance 
the INTENSITY control to produce a spot on the screen. The 
INTENSITY control should be set to produce an easily seen, 
but not bright, spot. Too bright a spot may damage the 
phosphor on the face of the crt. The intensity should never 
be turned up to the point where a halo forms around the 
spot. 

6. Adjust the FOCUS control to produce the smallest, 
roundest spot possible. Note the position of the spot on the 
crt. 

7. Set the VERTICAL SENSITIVITY control to the 1 mV/ 
CM position. Make sure that the SENSITIVITY VARIABLE 
control has remained in the CALIBRATED position. 

8. With the VERTICAL DC. BAL. control, move the spot 
back to where it was in step 6. 

9. Set the HORIZONTAL SENSITIVITY control to the 1 
mV/CM position. Make sure that the SENSITIVITY VARI- 
ABLE control has remained in the CALIBRATED position. 

10. With the HORIZONTAL DC BAL. control, move the 
spot back to where it was in step 6. 

11. Adjust both DC BAL. controls so that the spot does 
not move as the SENSITIVITY controls are moved from the .2 
VOLTS/CM position to the 1 mV/CM position. 

The amplifiers in the oscilloscope are now balanced 
and the oscilloscope is ready for operation as described 
in the remainder of this section. 



INPUT SELECTION 

Two INPUT connectors and associated INPUT switches 
are provided in each channel. When a single input is used, 
it may be applied through either the -(-INPUT or — INPUT 
connector. If the signal is connected to the -f INPUT con- 
nector, the -)- INPUT switch should be placed in either the 
AC or DC position, depending upon the type of coupling 
desired. The —INPUT switch should be placed in the GND 
position. If the signal is connected to the — INPUT con- 
nector, the — INPUT switch should be placed in either the 
AC or DC position, and the -f INPUT switch should be 
placed in the GND position. It should be noted that when 
a signal is applied to the — INPUT connector of either 
channel, the display on the oscilloscope screen will be op- 
posite in polarity to a normal presentation. Conventionally, 
a normal display places the more positive portions of a 
waveform in the vertical channel toward the top of the 
screen, and the more positive portions of a waveform in the 
horizontal channel toward the right-hand side of the screen. 

When it is desired to display the difference between two 
signals, they are connected to the two INPUT connectors 
of the appropriate channel. In this case, both INPUT 
switches are placed in either the AC or DC positions. In 
this mode of operation, the two signals are subtracted from 
each other algebraically, and the difference is displayed 
as a single trace on the screen. This is called the “differen- 
tial" mode of operation. It permits you to eliminate signals 
which are common to both inputs and to observe a wave- 
form which is peculiar to one. Figs. 3-2 and 3-3 show the 
effects of application of signals to one or both INPUT con- 
nectors of the vertical channel. 




Fig. 3-2. Inputs to the vertical amplifiers. 

Waveforms applied to the -4- INPUT connectors are displayed in 
the upright position, while waveforms applied to the — INPUT 
connectors are inverted. 
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Signal applied 
to + INPUT connector 




Signol applied 
to —INPUT connecter 



Fig. 3-3. Relection of common mode signal by differential opera- 
tion. 

The signal applied to the — INPUT connector is afgebraicolly 
subtracted from the signal applied to the + INPUT connector and 
the difference waveform is displayed on the crt screen. 

The differential mode of operation also makes possible 
the observation of current changes in a circuit. The changes 
in the voltage drop across a given resistor are proportional 
to the changes in current through it. So a differential dis- 
play of the voltages at the two ends of a resistor will show 
the changes in current through the resistor. 

Input Coupling 

Input signals to both the vertical and horizontal channels 
can be either ac or dc coupled by placing the correspond- 
in INPUT switches to the appropriate positions. Dc coupl- 
ing applies both the ac and dc components of the input 
signal to the amplifier circuits. This permits you to mea- 
sure the dc voltage level as well as the amplitude of the ac 
component. However, it is sometimes neither necessary nor 
desirable to display the dc component, and in such cases 
ac coupling should be used. With ac coupling, a capacitor 
is placed in series with the input connector to block the dc 
component while allowing the ac component to be dis- 
played. 

CONVENTIONAL OSCILLOSCOPE OPERATION 

Placing the HORIZONTAL DISPLAY switch in the SWEEP 
NORMAL position sets the Type 503 Oscilloscope up for 
conventional oscilloscope operation. In this mode of opera- 
tion, an internally generated horizontal sweep is applied 
through the horizontal amplifier to the horizontal deflection 
plates of the crt, and the input signal is applied through the 
vertical amplifier to the vertical deflection plates. 

The Type 503 Oscilloscope allows you to select, with 
the SWEEP TIME/CM control, any one of 21 calibrated 
sweep rates ranging, in steps, from 1 microsecond to 5 sec- 
onds per centimeter. The SWEEP TIME/CM VARIABLE con- 
trol makes it possible to obtain a continuous range of sweep 



rates between the steps selected by the SWEEP TIME/CM 
control. However, all sweep rates obtained with the SWEEP 
TIME/CM VARIABLE control in any position but fully clock- 
wise are uncalibrated. 

Sweep Triggering 

In order to obtain a stable display, it is necessary to start 
the horizontal sweep consistently at the same time relative 
to recurring cycles of the input waveform. The sweep there- 
fore must be triggered by the input waveform itself or by 
some waveform which bears a fixed time relationship to the 
input waveform. The following instructions tell you how 
to select and use the proper triggering signal for various 
applications of the oscilloscope. 

Selecting the Trigger Source 

For most applications the sweep can be triggered by the 
input waveform. The only requirement is that the input sig- 
nal be large enough to provide at least 0.5 centimeter of 
deflection on the screen at the sensitivity level for which 
the VERTICAL SENSITIVITY control is set. To obtain trig- 
gering of the sweep from the input waveform, set the 
SOURCE switch to the INT. position. 

Sometimes it is advantageous to trigger the sweep with 
some external signal. This is especially true when the input 
waveform is of such small magnitude that it cannot provide 
stable triggering of the sweep by itself. External triggering 
is also useful where waveforms are going to be sampled 
from several different places within a device. By using ex- 
ternal triggering, it is not necessary to reset the triggering 
controls each time a new waveform is shown. In order to 
obtain a stable display, it is necessary that the external 
waveform bear a fixed time relationship to the input wave- 
form. To use an external waveform for triggering the hori- 
zontal sweep, connect the signal to the EXTERNAL TRIG. 
IN connector and set the SOURCE switch to the EXT. posi- 
tion. 

When you are observing a waveform which bears a fixed 
time relationship to the line frequency, you may wish to 
trigger the sweep from the line-frequency waveform. To do 
this, place the SOURCE switch in the LINE position. 

Selecting the Trigger Coupling 

For most recurrent waveforms, ac coupling of the trig- 
gering signal (COUPLING switch in the AC position) will 
provide satisfactory triggering of the sweep. Dc coupling 
of the triggering signal (COUPLING switch in the DC posi- 
tion) is particularly useful in triggering from random pulse 
trains or very low frequency waveforms. With dc coupling 
the sweep is triggered by an instantaneous dc voltage. 
With ac coupling the sweep is triggered when the signal 
reaches a given amplitude from its average dc level. 

Selecting the Trigger Slope 

When the SLOPE switch is in the + position, the sweep is 
triggered on a positive-going slope of the triggering signal. 
When the SLOPE switch is in the — position, the sweep is 
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triggered on a negative-going slope of the triggering sig- 
nal. In most cases, selection of the triggering slope is not 
critical since triggering on either slope will provide a dis- 
play which is suitable. 

Selecting the Trigger Level 

The LEVEL control determines the instantaneous voltage 
level (ac or dc, depending upon the setting of the COUPL- 
ING switch) on the triggering signal at which the sweep is 
triggered. With the SLOPE switch in the -h position, adjust- 
ment of the LEVEL control makes it possible to trigger the 
sweep consistently at virtually any point on the positive-go- 
ing slope of the triggering signal. Likewise, with the SLOPE 
switch in the — position, adjustment of the LEVEL control 
makes it possible to trigger the sweep consistently at vir- 
tually any point on the negative-going slope of the trig- 
gering signal. Fig. 3-4 shows the effects of the LEVEL con- 
trol and the SLOPE switch. 

At the extreme clockwise and counterclockwise ends of 
its range, the LEVEL switch activates, respectively, the FREE 
RUN and AUTO, switches. The effects of these switches are 
discussed in the following paragraphs. 

Automatic Mode of Operation 

Setting the LEVEL control fully counterclockwise to the 
AUTO, position sets the Type 503 Oscilloscope up for an 
automatic mode of triggering which is suitable for most 
applications. In this mode, the triggering signal is ac coup- 
led, and the triggering level is automatically set such that 
any external triggering signal of one volt or more, or inter- 
nal triggering signal which would produce 1 centimeter or 
more of deflection on the crt screen, will trigger the sweep. 
In the absence of such a triggering signal, the sweep will 
continue to be triggered automatically at about a 50-cps 
rate to produce a base line which indicates that the instru- 
ment is adjusted to display any signal which might be con- 
nected to the vertical channel. 

Free-Running Mode of Operation 

Setting the LEVEL control fully clockwise to the FREE RUN 
position produces a free-running sweep, independent of any 
synchronizing signal. The frequency of the free-running 
sweep is dependent upon the setting of the SWEEP TIME/ 
CM control. This free-running trace is useful as a base line 
from which to make dc measurements when the input signal 
is dc coupled. 

Magnification of the Sweep 

Any part of the trace may be expanded horizontally by 
as much as 50 times through the use of the SWEEP MAGNI- 
FIED portion of the HORIZONTAL DISPLAY switch. To ex- 
pand a given portion of the sweep, first set that portion to 
the center of the graticule by means of the HORIZONTAL 
POSITION control. Then set the HORIZONTAL DISPLAY 
switch to the desired degree of magnification. 

In magnified sweep operation, the sweep rate is multi- 
plied by the setting of the HORIZONTAL DISPLAY switch. 



This means that the SWEEP TIME/CM setting must actually 
be divided by the setting of the HORIZONTAL DISPLAY 
switch to obtain the correct time for the sweep to move one 
centimeter. For example, if the SWEEP TIME/CM is set to 
5 /xSEC and the HORIZONTAL DISPLAY switch is set to XI 0, 
the true sweep rate is 0.5 microsecond or 500 nanoseconds 
per centimeter. 

It should be noted that with combinations of the SWEEP 
TIME/CM control and the HORIZONTAL DISPLAY switch 
which produce sweep rates faster than about 0.1 micro- 
second per centimeter, the calculated sweep rates should 
not be depended upon to be accurate enough to base time 
measurements on them. 



X-Y MODE OF OPERATION 

Placing the HORIZONTAL DISPLAY switch in the HORIZ. 
AMPLIFIER position sets the Type 503 Oscilloscope up for 
X-Y operation. In this mode of operation, input signals are 
applied to both the horizontal and vertical amplifiers, and 
the display is a graph of the waveform on one channel ver- 
sus the waveform on the other channel. The horizontal 
sweep is disabled. Examples of the use of the X-Y mode of 
operation are the plotting of hysteresis loops, of voltage 
across a semiconductor versus current through it, and of 
force or pressure versus deformation or strain in a material. 
Use can still be made of the differential input feature on 
one or both channels. 



APPLICATIONS 

The following paragraphs describe procedures for mak- 
ing measurements of voltage, elapsed-time, and phase-shift 
with the Type 503 Oscilloscope. No attempt has been made 
to describe any but the most basic techniques. Familiarity 
with the instrument will enable the operator to apply the 
essence of these techniques to a wide variety of applica- 
tions, depending upon the problem at hand. 

Voltage Measurements 

To measure the ac component of a signal, proceed as 
follows: 

1. Display the waveform over as large a portion of the 
screen as possible by adjusting the appropriate SENSITIV- 
ITY control. 

2. With the aid of the graticule, measure the distance 
(in centimeters) between the two points on the waveform 
between which the voltage measurement is desired. This 
will be a vertical measurement where the waveform to be 
measured is applied to the vertical channel, a horizontal 
measurement where the waveform to be measured is ap- 
plied to the horizontal channel. Make sure that the appro- 
priate VARIABLE control is in the CALIBRATED position. On 
small voltage measurements, the width of the trace can 
make up an appreciable part of the entire measurement. 
For this reason, it is important to take all readings in a giv- 
en measurement from the same side of the trace. 
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LEVEL 




SLOPE 




Typical waveforms obtained with the 
LEVEL control set in the + region. 




SLOPE 




Typical waveforms obtained with the 
LEVEL control set in the — region. 





SLOPE 



A 



When the LEVEL control is in the + 
region, the sweep is triggered on the 
upper portion of the waveform; when 
it is set in the — region, the sweep is 
triggered on the lower portion of the 
waveform. 



Fig. 3-4. Effects of the LEVEL control and SLOPE switch. 
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3. Multiply the distance between the two points by the 
setting of appropriate SENSITIVITY control and by the at- 
tenuation factor, if any, of the probe. This is the voltage 
between the two points on the waveform. 

To measure the dc level at some point on a signal, pro- 
ceed as follows: 

1. Set the INPUT switch associated with the INPUT con- 
nector to which the signal is connected to the GND po- 
sition. 

2. If the horizontal sweep is being used, rotate the LEV- 
EL control fully clockwise to the FREE RUN position to pro- 
duce a free-running trace. If the oscilloscope is being used 
in the X-Y mode of operation, the signal on the other chan- 
nel will produce a trace. 

3. With the appropriate POSITION control, position the 
trace so that it lies along one of the lines of the graticule. 
This line will be used as a ground reference line; its position 
in any given case will depend upon the polarity and ampli- 
tude of the input signal to be measured. Do not adjust this 
POSITION control after the reference line has been estab- 
lished. 

4. Set the INPUT switch mentioned in step 1 to the DC 
position. If the horizontal sweep is being used, adjust the 
LEVEL control for a stable display. 

5. Measure the distance, in centimeters, from the ground 
reference line established in step 3 to the point at which the 
dc voltage level is desired. 

6. Multiply this distance by the setting of the appropriate 
SENSITIVITY control and the attenuation factor, if any, of 
the probe. This is the dc level of the point measured. 

Time and Frequency Measurements 

To measure the time interval between two points on a 
waveform, proceed as follows: 

1. Set the oscilloscope up for conventional operation 
with the signal applied to either of the vertical INPUT con- 
nectors. 

2. With the aid of the graticule, measure the horizontal 
distance, in centimeters, between the two points whose in- 
terval you wish to find. Make sure that the SWEEP TIME/ 
CM VARIABLE control is in the CALIBRATED position. 

3. Multiply the distance measured by the setting of the 
SWEEP TIME/CM control and divide by the setting of the 
HORIZONTAL DISPLAY switch (XI, X2, X5, etc.). This is the 
time interval between the two points measured. 

To determine the frequency of a recurrent waveform, 
simply take the reciprocal of the time interval between cor- 
responding points on two consecutive cycles of the wave- 
form. 

Phase-Shift Measurements 

To measure the phase shift produced in q given signal by 
some device, proceed as follows: 

1. Set the oscilloscope up for conventional externally 
triggered operation with the signal dt the input to the phase- 



shifting device applied to either of the vertical INPUT con- 
nectors. 

2. Horizontally position the display so that an easily 
identifiable point of a cycle corresponds to one of the ver- 
tical graticule lines. 

3. Without making any adjustments to the oscilloscope, 
move the signal probe from the input to the output of the 
device under test. You will find that the display has shifted 
horizontally. 

4. Measure the amount of horizontal shift of the display 
in centimeters. 

5. Measure the distance in centimeters between corres- 
ponding points on two consecutive cycles of the waveform. 

6. Divide the measurement obtained in step 4 by the 
measurement obtained in step 5 and multiply the result by 
360°. This is the phase shift produced in the signal by the 
device under test. 

A second method for comparing the phase relationship of 
two signals of the same frequency makes use of the X-Y 
mode of operation. This method is suitable only when com- 
paring two sine waves. 

1. Apply the sine waves to the two + INPUT connectors. 
The display will be an ellipse. (Actually, the display will 
appear as a diagonal straight line if the two sine waves 
are in phase or exactly 180° out of phase, or it will appear 
as a circle if the two sine waves are exactly 90° or 270° 
out of phase. Application of these instructions, however, 
will still apply.) 

2. Center the ellipse horizontally and vertically on the 
crt screen. 

3. Measure the distances A and B on the display as 
shown in Figure 3-5. 

A/B is equal to the sine of the phase difference between 
the two signals. 




£ 



Fig. 3-5. X-Y method of calculating phase difference ( 0 ) of two 
sine waves. 
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Clips to deflection plate pins 




source 



Fig. 3-6. Typical circuit for ac coupling to the crt deflection plates. 

Direct Connection to the CRT Plates 

In some applications it may be desirable to connect a 
signal directly to one or both sets of crt deflection plates, 
bypassing the internal oscilloscope amplifiers. The vertical 
deflection plate pins are located on the side of the neck of 
the crt, and the horizontal deflection plate pins are located 
at the bottom of the neck of the crt. 

With a signal connected directly to the crt pins, it is pos- 
sible, under optimum impedance matching conditions and 
with connections kept as short as possible, to obtain a band- 
width on the order of 100 me with the Type 503. However, 
limitations of the sweep magnifier at the faster sweep rates 
discussed earlier in this section must be kept in mind when 
making risetime measurements on fast-rise waveforms. The 
vertical and horizontal deflection factors of the crt are ap- 
proximately 22 volts per centimeter and 18 volts per centi- 
meter, respectively. 

The diagram in Fig. 3-6 shows how a signal may be ac 
coupled to the crt deflection plates. This method of ac 
coupling permits the use of front panel controls to position 
the display on the screen. The SENSITIVITY control of the 
bypassed amplifier should be placed in the 20 VOLTS/CM 
position, and both INPUT switches should be placed in the 
GND position. The value of the capacitors shown in Fig. 
3-6 will depend upon the characteristics of the signal to be 
displayed. 

To dc couple a signal to the deflection plates, remove the 
amplifier leads and connect the signal directly to the crt 
pins. It is a good idea to tape the ends of the loose ampli- 
fier leads to prevent accidental shocks to operating per- 
sonnel. For best performance, the average of the voltages 
at the two plates must be kept close to +150 volts; other- 
wise, the display will be defocused and slightly bowed, 
and the sweep rate, if the sweep is used, will not be ac- 
curate. Actually, if these effects can be tolerated, it is pos- 
sible to have both plates in the vicinity of ground and still 
obtain a useful display. Typically, the sweep rate is about 



8% slow when a ground level signal is connected to the 
vertical deflection pins. 

Care should be exercised in connecting and disconnecting 
the crt pin leads as the pins can be easily bent or broken. 



USE OF PROBES 

Use of an attenuator probe with the Type 503 will reduce 
the capacitive and resistive loading on a circuit under test, 
but at the same time will also reduce the sensitivity. 

Connected to an input connector of the Type 503, a Tek- 
tronix probe presents a characteristic input impedance of 
10 megohms paralleled by from 8 to 14/x/xf (depending on 
the probe) and has an attenuation of 10:1. The maximum 
voltage rating of a Tektronix probe is 600 volts. Exceeding 
this rating, either in dc volts or peak ac volts, may damage 
the probe. 

When making amplitude measurements with an attenuator 
probe, be sure to multiply the observed amplitude on the crt 
by the attenuation factor of the probe. If the waveform 
being displayed contains fast-changing signals, it will gen- 
erally be necessary to clip the probe ground lead to the 
chassis of the equipment under test. 



Probe Compensation 

An adjustable capacitor in all Tektronix probes is used to 
compensate for variations in input capacitance from one 
instrument to another, or between two input connectors of 
one instrument. To insure the accuracy of pulse and transient 
measurements always check the compensation before using 
a probe. To check or adjust the probe compensation, dis- 
play several cycles of the Calibrator waveform on the crt 
by connecting a test lead between the 500 mV CAL. OUT 
connector and the VERTICAL +INPUT connector. For this 
display set the VERTICAL SENSITIVITY control to .1 VOLTS/ 
CM, the +INPUT switch to DC, and the — INPUT switch to 
GND. 

Carefully observe the waveform display on the crt, and 
particularly note the general shape of the leading corner of 
each positive pulse. Then disconnect the test lead between 
the CAL. OUT and + INPUT connectors, and connect the 
probe to the + INPUT connector. Set the VERTICAL SENSI- 
TIVITY control to lOmV/CM and touch the probe tip to the 
500 mV CAL. OUT connector. Square waves having the 
same amplitude as the previous display should now appear 
on the crt. Carefully adjust the probe capacitance, if neces- 
sary, until the leading corners of the positive pulses have the 
same shape as those in the previous display. 

To compensate the probe on the horizontal channel, a 
sawtooth sweep voltage must be applied to the vertical 
channel to obtain a vertical display of the calibrator wave- 
form. The displayed waveform will then appear somewhat 
similar to that shown in Fig. 6-5. However, if both the hori- 
zontal and vertical input capacitances are adjusted correctly 
(47 /x/xf), a probe compensated on the vertical channel will 
function properly on the horizontal channel. The procedure 
for checking the input capacitance is given in Section 6 under 
"High Frequency Compensation". 
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CIRCUIT 

DESCRIPTION 



NOTE 

Throughout this section of the manual, you should 
refer to the circuit diagrams contained in the 
Parts List and Schematic Diagrams booklet which ac- 
companies this manual. 

VERTICAL AMPLIFIER 
General Description 

The Vertical Amplifier consists of two opposing input cir- 
cuits and two dc-coupled, push-pull amplifiers. The maxi- 
mum overall gain of the Vertical Amplifier is on the order 
of 25,000, which provides the required 25 volts per centi- 
meter of deflection at the crt from each millivolt of signal 
at the inputs (with the SENSITIVITY control in the 1 mV/ 
CM position). 

The Input Amplifier consists of two stages, a cathode- 
coupled paraphase amplifier stage and a pair of transis- 
tors. The combined gain of the two stages is controlled by 
negative feedback. The output from the Input Amplifier 
drives the Output Amplifier which, in turn, drives the crt de- 
flection plates. Changes in Vertical Amplifier sensitivity are 
accomplished by input attenuation and by negative feed- 
back in the Input Amplifier. Vernier attenuation is accom- 
plished by degeneration in the cathode circuit of the Out- 
put Amplifier. 

Input Circuits 

The two input circuits allow the Input Amplifier to be 
operated either as a single-ended cathode-coupled para- 
phase amplifier or as a differential amplifier. For single- 
ended operation, the signal is applied to one of the two 
input connectors and the other is grounded. For differential 
operation, signals are applied to both input connectors and 
the amplifier amplifies the difference between them. The 
two input switches permit both inputs to be either ac or 
dc coupled, or one ac coupled and the other dc coupled. 
The lower bandpass limit of the inputs when ac coupled is 
is about 7.5 cps. 

In the 1 mV/CM to .2 VOLTS/CM positions of the SEN- 
SITIVITY control, the signal is applied “straight through” to 
the grid circuit, or circuits, of the Input Amplifier; the 
changes in sensitivity are accomplished by changes in nega- 
tive feedback within the amplifier. In the .5 VOLTS/CM to 
2 VOLTS/CM positions of the SENSITIVITY control, a XIO 
attenuator is inserted in the input circuits and the negative 
feedback values of the 1 mV/CM to .2 VOLTS/CM posi- 
tions are repeated. In the 5 VOLTS/CM to 20 VOLTS/CM 



positions, a XI 00 attenuator is inserted in the input circuits 
and the negative feedback values are repeated again. 

The attenuators are both resistance and capacitance 
dividers. For dc and low frequency signals, the attenuators 
act purely as resistance dividers, since the impedance of 
the capacitors is so high that it can be neglected. For 
higher frequency signals, however, the impedance of the 
capacitors is less, and their effect on the circuit is more 
pronounced. Near the upper-frequency range of the ampli- 
fier, the impedance of the capacitors becomes so low, 
compared to the resistance of the circuit, that the attenuators 
become capacitance dividers. 

In addition to providing the proper degree of attenua- 
tion, the resistance values of the attenuators are chosen 
so as to provide a constant 1-M input resistance, regardless 
of the setting of the SENSITIVITY control. The capacitance 
of the attenuators is also adjusted to provide a constant 
input capacitance of 47 /x/xf regardless of the setting of 
the SENSITIVITY control. 

Input Amplifier 

The Input Amplifier amplifies the potential difference 
between the two grids of V434. When one grid goes 
positive and the other goes negative with respect to ground, 
the output of the stage is proportional to the sum of the 
amplitudes of the two signals. When both grids go posi- 
tive or both go negative, the output is proportional to the 
difference between the amplitudes of the two signals. In 
single-ended operation, a signal is applied to one grid 
while the other grid circuit is grounded; therefore, the out- 
put is proportional to the amplitude of the one signal ap- 
plied. The output of V434, then, is a push-pull signal to 
the bases of the transistors, Q454 and Q464, regardless of 
whether the Input Amplifier is being operated single-end- 
ed or differentially. 

The gain of the Input Amplifier is varied (in steps) by 
changing the value of R408. This varies the amount of 
negative feedback applied to the cathode circuit of the 
first stage from the output of the second. This feedback 
is applied through R457 and R467 to the parallel network 
of R419 and L419 (in series) and R408. As the value of 
R408 is increased, the amount of negative feedback voltage 
is increased, limiting the gain of the amplifier. 

Dc balance of the Vertical Amplifier is accomplished by 
means of the COARSE DC BAL. (VERT.) control and the DC 
BAL. control. Proper adjustment of these two controls sets 
the two ends of R408 at the same potential so that there is 
no current flowing through it. This provides vertical stability 
of the trace throughout the range of the SENSITIVITY con- 
trol. 
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The second stage of the Input Amplifier is provided with 
a positive feedback path from the collector of each side to 
the base of the other. This positive feedback path is ad- 
justed, by varying the value of R460, to set this second stage 
for infinite gain. Thus, the second stage provides its own 
driving current and none is diverted from the plate circuits 
of the first stage. The negative feedback through the first 
stage of the amplifier prevents the infinite-gain second stage 
from oscillating. The effect of R460 is most pronounced in 
the 1 mV/CM position of the SENSITIVITY control since 
there is the least amount of overall negative feedback in 
this position. 

Output Amplifier 

The Output Amplifier is the stage that drives the vertical 
deflection plates of the crt. The gain of this stage can be 
adjusted by means of the .2V GAIN. ADJ. (VERT), R478, 
and the VARIABLE control, R488. 

Vertical positioning of the crt beam is accomplished by 
means of the cross-coupled dual POSITION control, R470. 
Adjustment of this control varies the current through the 
Output Amplifier tubes thereby changing the average dc 
voltage at each of the plates inversely to the other. At 
the same time, through feedback in the Input Amplifier, the 
control also produces a small push-pull change in voltage at 
the grids of the Output Amplifier to maintain the cathodes 
at the same potential as the current is changed. 

Trigger Pickoff 

The output from V474, one side of the Output Amplifier, 
is applied through a divider network made up of R490, 
R491 , and R492 to the SOURCE switch, SW5. Thus, when the 
SOURCE switch is in the INT. position, the output of the 
Output Amplifier is applied to the Sweep Trigger to start 
the Horizontal sweep. 



HORIZONTAL AMPLIFIER 
X-Y Operation 

When the Type 503 Oscilloscope is set for X-Y operation 
(HORIZONTAL DISPLAY switch in the HORIZ. AMPLIFIER 
position), the Horizontal Amplifier is virtually identical to 
the Vertical Amplifier. A given signal or signals applied to 
the Horizontal Amplifier inputs will produce the same de- 
flection as the same signal or signals applied to the Vertical 
Amplifier inputs, except, of course, that the deflection will 
be in the X (horizontal) plane rather than the Y (vertical) 
plane. This mode is used for plotting two voltage functions 
against one another. 

Sweep Operation 

When the Type 503 Oscilloscope is set up for sweep 
operation, the Horizontal Amplifier is used to amplify the 
sawtooth waveform from the Sweep Generator. In this 
mode of operation the Horizontal Input Amplifier is con- 
nected for single-ended operation. The sawtooth waveform 



is applied to one grid of the Input Amplifier and the other 
grid is grounded. Neither of the input attenuators is used. 

The feedback circuits which control the gain of the Hori- 
zontal Amplifier operate in the same manner for sweep 
operation as for X-Y operation, except that a different set 
of resistors is used in the Input Amplifier cathode circuit. 
Also the VARIABLE control in the cathode circuit of the 
Output Amplifier is shorted out. In sweep operation, the 
POSITION control varies the dc potential on the active 
grid of the Input Amplifier rather than the current through 
the two halves of the Output Amplifier. 



SWEEP TRIGGER 

The Sweep Trigger circuit consists of the Trigger Input 
Amplifier, V24, and the Trigger Multivibrator, V45. The 
Trigger Input Amplifier amplifies (and, when desired, inverts) 
the incoming triggering signal and applies it to the input 
of the Trigger Multivibrator. The Trigger Multivibrator pro- 
duces a negative-going rectangular pulse whose leading 
edge is coincident with the point on the triggering signal 
at which it is desired to start the horizontal sweep. This 
leading edge is then differentiated to produce a sharp 
negative spike which triggers the Sweep Generator. 

Trigger Source 

The triggering signal from which the rectangular output 
pulse is produced may be obtained from any one of three 
sources. When the SOURCE switch is in the INT. position, 
the signal is obtained from the Trigger Pickoff circuit of the 
Vertical Amplifier. When the SOURCE switch is in the EXT. 
position, the signal may be obtained from an external 
source through the EXTERNAL TRIG. IN connector on the 
front panel. When the SOURCE switch is in the LINE 
position, the signal is obtained from one side of the 6.3- 
volt ac filament heater circuit. 



Trigger Slope 

The negative-going pulse is initiated at the output of the 
Trigger Multivibrator (plate of V45B) only when there is 
a negative-going signal at the input of the Trigger Multi- 
vibrator (grid of V45A). However, it is desired to be able 
to start the sweep during either a positive-going or nega- 
tive-going portion of the triggering signal. Therefore, some 
provision must be made for choosing between inverting or 
not inverting the triggering signal in the Trigger Input 
Amplifier. This is done by means of the SLOPE switch. 

With the SLOPE switch in the — position, V24 is a cath- 
ode-coupled amplifier and the triggering signal is applied 
to the grid of V24A. The signal at the plate of V24B is in 
phase with the incoming triggering signal. Thus, the nega- 
tive-going portion of the signal at the input to the Trigger 
Multivibrator corresponds to the negative-going portion of 
the incoming triggering signal. With the SLOPE switch in 
the -h position, the triggering signal is applied to the grid 
of V24B, and V24B becomes an ordinary plate-loaded 
amplifier. The signal at the plate of V24B is opposite in 
polarity from the incoming triggering signal. Thus, the nega- 
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tive-going portion of the signal at the input to the Trigger 
Multivibrator corresponds to the positive-going portion of the 
incoming triggering signal. 

Trigger Level 

The LEVEL control, R17, varies the bias on the tube to 
which it is connected. This in turn varies the quiescent volt- 
age at the plate of V24B about which the signal varies. 
Since the Trigger Multivibrator is triggered at a given dc 
level, varying the dc voltage about which the triggering 
signal varies in effect varies the instantaneous voltage level 
of the signal at which the Trigger Multivibrator is triggered. 
Thus, through the use of the SLOPE and LEVEL switches it 
is possible to trigger the Trigger Multivibrator at virtually 
any point on either a positive-going or negative-going 
portion of the triggering signal. 

Trigger Multivibrator 

The Trigger Multivibrator operates as follows. In the 
quiescent state, that is, ready to receive a signal, V45A is 
conducting and its plate voltage is down. This holds the 
grid of V45B below cutoff, since the two circuits are de- 
coupled. With V45B in a state of cutoff, its plate voltage is 
up. 

The negative-going portion of the signal from the Trigger 
Amplifier drives the grid of V45A in a negative direction, 
and the cathodes of both tubes follow the grid down. At 
the same time the plate voltage of V45A starts to rise. This 
causes the grid voltage of V45B to rise. With the grid of 
V45B going up and its cathode going down, V45B starts 
to conduct. As V45B starts conducting, its cathode starts 
going up, taking the cathode of V45A up with it. With 
the grid of V45A down and its cathode up, V45A cuts off. 
This causes the plate of V45A, and therefore the grid of 
V45B, to go farther in a positive direction, and causes 
V45B to conduct heavily. This creates a negative step at 
the plate of V45B. The transition occurs very rapidly, re- 
gardless of how slowly the signal at the grid of V45A falls 
initially. 

When the signal at the grid of V45A goes in the positive 
direction, just the opposite chain of events will occur. V45A 
will start conducting again, and V45B will cut off. The re- 
sult is a positive step at the plate of V45B. This step is 
also differentiated to form a positive spike but this spike 
is bypassed to the +250-volt supply by D44 and is not used. 



Automatic Triggering 

When the LEVEL control is turned fully counterclockwise, 
the AUTOMATIC switch, SW17, is activated and converts 
the Trigger Multivibrator from a bi-stable configuration to 
an astable (free-running) configuration. (This should not be 
confused with the action of the FREE RUN switch, shown 
on the Sweep Generator diagram, which causes the Sweep 
Generator to free-run.) This is accomplished by coupling the 
grid circuit of V45B to the grid circuit of V45A via R40. In 
addition, the dc coupling between the Trigger Input Ampli- 
fier and the Trigger Multivibrator is removed when the 
switch is in this position. 



To understand the operation of the Trigger Multivibrator 
in the free-running mode of operation, first assume that 
V45B is cut off and V45A is just being driven into cutoff 
by the charge on C31. The voltage at the plate of V45A 
starts to rise, carrying with it the voltage at the grid of 
V45B. So V45B starts to conduct causing a negative step 
at its plate. Since the two grids are coupled through R40, 
the grid of V45A will start moving positively at the same 
time as does the grid of V45B. However, the time constant 
of the R40-C31 network is such that it takes about 0.01 
second for the voltage at the grid of V45A to rise expon- 
entially from its starting point, below cutoff, to a point 
where the tube will start conducting. 

When V45A does start conducting, its plate voltage will 
drop, carrying with it the grid of V45B. V45B will cut off, 
causing a positive step at its plate. At the same time that 
the grid of V45B goes negative, the grid of V45A will also 
start negative. Once again, it will take about 0.01 second 
for C31 to charge up sufficiently to cut V45A off. When 
V45A does cut off, the cycle starts over. 

Hence, in the absence of a triggering signal, the Trig- 
ger Multivibrator free-runs at about 50 cps. However, since 
the triggering signals from the Trigger Input Amplifier are 
still coupled to the Trigger Multivibrator through C31, any 
triggering signal over 50 cps in frequency will produce syn- 
chronized operation of the Trigger Multivibrator. The 50- 
cps free running sweep produced in the absence of a trig- 
gering signal provides a base line from which to make volt- 
age measurements and also indicates that the instrument 
is adjusted to display any signal that might be applied to 
the input. 

SWEEP GENERATOR 

The Sweep Generator, upon receipt of a trigger pulse 
from the Sweep Trigger, produces a linearly rising (saw- 
tooth) voltage which is applied through the Horizontal 
Amplifier to the ert deflection plates. This causes the spot 
to move from left to right on the ert screen and form the 
sweep. The amplitude of the sawtooth voltage is about 100 
volts. Its rate of rise is controlled by the values of the 
Timing Capacitor and Timing Resistor switched into the 
circuit by the SWEEP TIME/CM switch on the front panel. 

The Sweep Generator consists of three main circuits; the 
Sweep-Gating Multivibrator, the Miller Runup Circuit, and 
the Hold-Off Circuit. The Sweep-Gating Multivibrator con- 
sists of V135A, V135B, and V145A. The essential compon- 
ents of the Miller Runup Circuit are: the Miller Runup Tube, 
V160A; the Runup Cathode Follower, V160B; the Discon- 
nect Diodes, V152A and V152B; the Timing Capacitor, C160; 
and the Timing Resistor, R160. The Hold-Off Circuit con- 
sists of the Hold-Off Diode, V152C; the Hold-Off Cathode 
Follower, V145B; the Hold-Off Resistor, R181; and the Hold- 
Off Capacitor, Cl 60 (the Hold-Off Circuit makes use of 
some of the same timing capacitors as the Miller Runup 
Circuit). 

In the quiescent state, that is, when no sweep is being 
generated, V135A is conducting and V145A is cut off. 
The plate of V145A is at about — 2.5 volts with respect to 
ground. The Disconnect Diodes are conducting and hold 
both sides of the Timing Capacitor at about —2.5 volts. 
With its cathode grounded and its grid at — 2.5 volts, 
V160A is conducting heavily and its plate is at about -)-30 
volts. 
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Sweep Generation 

A negative trigger pulse, arriving at the grid of V135A 
from the Sweep Trigger circuit, causes the Sweep-Gating 
Multivibrator to switch rapidly to its other state. That is, 
V135A cuts off and V145A conducts. As V145A conducts, 
its plate voltage goes down, cutting off the Disconnect 
Diodes. When the Disconnect Diodes cut off, the plates of 
the Timing Capacitor are no longer held at — 2.5 volts, 
and the Timing Capacitor starts to charge toward the in- 
stantaneous potential difference between the — 100-volt 
supply and the potential on the cathode of V160B. How- 
ever, as the lower plate of the Timing Capacitor starts to 
move in a negative direction, it takes the grid of V160A 
with it. This produces a positive swing at the plate of 
V160A which is coupled, through B167 and V160B, to the 
upper plate of the Timing Capacitor. This increases the 
voltage to which the Timing Capacitor is trying to charge. 
The effect is to “straighten out’’ the charging curve by in- 
creasing the charging voltage with each increment of charge 
on the capacitor. The positive voltage swing on the upper 
plate of the Timing capacitor also tends to prevent the 
lower plate*, from swinging negatively. Since the gain of 
V160A is about 200, the potential on the upper plate movbs 
about 100 volts with respect to ground while the potential 
on the lower plate moves about one-half volt. The result is 
an extremely linear ramp at the cathode of V160B, which 
is applied through the Horizontal Amplifier to the horizon- 
tal deflection plates of the crt. 



Sweep Length 

The length of the sweep, that is, the distance the spot 
moves across the crt, is determined by the setting of the 
SWP. LENGTH control, R1 76. As the sweep voltage rises 
linearly at the cathode of V160B, there will be a linear 
rise in the voltage at the wiper arm of the SWP. LENGTH 
control. This will increase the voltage at the plate, and 
therefore the cathode, of V152C and at the grid and cath- 
ode of V145B. As the voltage at the cathode of V145B rises, 
the voltage at the grid of V135A will rise. When the volt- 
age at this point rises to a point where V135A comes out 
of cutoff, the Sweep-Gating Multivibrator will rapidly re- 
vert to its original state with V135A conducting and V145A 
cut off. The voltage at the plate of V145A will then rise, 
carrying with it the voltage at the plates of the Disconnect 
Diodes. 

V152B starts conducting, and brings the grid of V160A 
quickly back up to its quiescent level. The rise in voltage 
at the grid causes the tube to conduct more, so the plate 
voltage drops, carrying with it the grid and cathode of 
V160B. When the voltage at the cathode of V160B returns 
to about —2.5 volts, V152A conducts, clamping the voltoge 
at this point. The circuit has now returned to its quiescent 
level and is ready for the next trigger. 



Hold-Off 

The Hold-Off Circuit prevents the Sweep Generator from 
being triggered during the sweep retrace interval. It does 
this by holding the grid of V135A positive enough to keep 



V135A in conduction until after the Miller Runup Circuit 
has stabilized in the quiescent condition. 

Under quiescent conditions, normal conduction through 
V152C allows the Hold-Off Capacitor, Cl 60, to be charged 
to about 70 volts. During the latter part of the sweep, the 
rising voltage at the cathode of V152C discharges this 
capacitor to a lower voltage, in the vicinity of about 55 
volts. At the end of the sweep, when the voltage at the 
cathode of V160B drops, the voltage at the SWP. LENGTH 
wiper arm also drops and V152C cuts off. The cathode 
tries to follow the drop in voltage at the plate but is held 
up by the charge on the Hold-Off Capacitor. The Hold- 
Off Capacitor charges again exponentially toward 100 volts, 
carrying the cathode of V152C and the grid of V145B nega- 
tive. The cathode of V145B, and therefore the grid of 
V135A, follows the grid of V145B. At some point in this ex- 
ponential charging curve, depending upon the settings of 
the STABILITY ADJUST control and the FREE RUN switch, 
the grid of V135A will become negative enough that a 
negative trigger pulse coming from the Sweep Trigger cir- 
cuit can again take V135A into cutoff. 

The hold-off time, then, is determined by the value of 
Cl 60 switched into the Hold-Off Circuit by the SWEEP 
TIME/CM switch. The amount of hold-off time required is 
determined by the sweep speed. For this reason the SWEEP 
TIME/CM switch changes the amount of capacitance in the 
Hold-Off Circuit simultaneously with that in the Timing 
Circuit. 



Sweep Stability 

The STABILITY ADJUST control. Rill, regulates the dc 
level at the grid of V135A. This control is adjusted so that 
the voltage at the grid of V135A is just high enough to pre- 
vent the circuit from free running. When it is adjusted in 
this manner, a sweep can be produced only when a nega- 
tive trigger pulse from the Sweep Trigger can drive V135A 
into cutoff. Turning the LEVEL switch fully clockwise closes 
the FREE RUN switch and shorts out Rill. This places a 
more negative voltage on the grid of V135A such that 
V135A cuts off immediately upon decay of the hold-off 
voltage, at which time the next sweep is initiated. The re- 
sult is a free-running sweep whose period is the total of 
the sweep time plus the hold-off time at any given setting 
of the SWEEP TIME/CM switch. (This is compared to a 
maximum repetition rate of about 50 cps when the LEVEL 
switch is turned fully counterclockwise to the AUTO, posi- 
tion). 



Unblanking 

The positive rectangular pulse appearing at the cathode 
of V135B during sweep time is applied as an unblanking 
pulse to the crt. Action of this pulse is discussed under the 
description of the crt circuit later in this section. It should 
be noted that, when the HORIZONTAL DISPLAY switch is 
in the HORIZ. AMPLIFIER position, the Sweep-Gating Multi- 
vibrator is disabled, and there is no current flowing through 
V135A or V145A. Therefore, the cathode of V135B is held 
at +225 volts and the crt is continuously unblanked. 
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CRT CIRCUIT 

The crt in the Type 503 oscilloscope makes use of an 
extra set of deflection plates for unblanking during sweep 
time. One of these plates has a fixed potential of about 
+225 volts on it; the other is tied to the cathode of V135B 
in the Time-Base Generator. Quiescently, this latter 
plate is held at a relatively low potential, in the vicinity 
of +80 volts. Therefore, the electron beam in the crt is 
deflected and absorbed by the +225-volt plate; none of it 
reaches the screen. During sweep time, however, the un- 
blanking pulse from V135B raises the potential of the second 
plate from +80 volts to about +225 volts. When this 
happens, both unblanking deflection plates attract the elec- 
tron beam in the same amount with the net result that the 
beam is not deflected toward either plate, but passes on 
through to the crt screen. 

The INTENSITY control varies the control grid of the crt 
from about —20 volts to —150 volts with respect to the 
cathode. Connections are provided on the rear of the oscil- 
loscope cabinet to couple an ac signal to the control grid 
to provide intensity modulation of the trace if desired. 



CALIBRATOR 

The calibrator provides a 500-millivolt square wave and 
a 5-millivolt square wave for use in calibrating the gain 
of the Horizontal and Vertical Amplifiers. The two ampli- 
tudes are obtained by tapping off at different points in 
a voltage divider network. 

The square wave is produced by the turning off and on 
of 8886. This is accomplished by the combined action of 
B886, B883, and C883. 8886 and B883 are neon tubes which 
nominally drop about 60 volts when they are conducting. 
However, if they are not conducting, they require about 80 
volts across them to start conduction. 

During the time that B886 is turned off, B883 is conduct- 
ing. This causes C883 to discharge which allows both plates 
of B883 to move in a positive direction (60 volts apart). 
When the common connection at the top of the two neon 
tubes reaches a potential of about +80 volts with respect 
to ground, B886 conducts. The current through R886 and 
R887 produces a 0.5-volt drop across them and the voltage 
at the upper end of B886 is, therefore, about +60.5 volts 
with respect to ground. Since the upper plate of C883 
is now at about +20 volts with respect to ground, the 
potential across B883 is only about 40 volts, and 8883 stopi 
conducting. With no current through B883 to maintain the 
charge on C883, the upper plate of C883 starts to move in a 
negative direction. The upper end of B883 is held steady 
at +60.5 volts by the drop across B886, R886, and R887, 
so when the upper plate of C883 becomes — 20 volts with 
respect to ground, B883 conducts. This drops the voltage 
at the upper end of the two neon tubes to +40 volts, and 
8886 cuts off, completing one cycle of the square wave. 



It should be noted that the potentials mentioned in the 
foregoing discussion (except the drop across R886 and R887) 
are typical nominals only, and may vary considerably a- 
mong different units. The only effect will be a slight 
variation in the frequency and symmetry of the output 
waveform. 

The CAL. ADJ. control, R880, provides a means of ad- 
justing the voltage drop across R886 and R887 by con- 
trolling the current through them. 

POWER SUPPLY 

T601 provides filament power for the graticule lights and 
all of the tubes, except the first stage of the Input Amplifier, 
and B+ voltage (about 500 volts) for the power supply 
oscillator tube, V620. The rest of the voltages used in the 
oscilloscope are provided by the secondary of T620. 

V620, the primary of T620, and part of the secondary of 
T620 form an Armstrong oscillator circuit to drive T620 at 
about 25 kc. Each of the outputs of the secondary of T620 
bears a fixed turns ratio to the others such that a change in 
one effects a proportional change in each of the others. 
Adjustment and regulation of all of the output voltages, 
then, are accomplished through adjustment and regulation of 
just one output, the — 100 volt output. This, in turn, is 
referenced to the 85-volt drop across the voltage regulator 
tube, V659. 

Adjustment of the output voltages is accomplished by 
means of the — lOOV ADJ. control as follows. Moving the 
wiper arm of the — lOOV ADJ. control in a positive direction 
reduces the bias on V634B. This, in turn, lowers the voltage 
at the plate of V634B and, therefore, at the grid of V634A. 
This causes an increase in voltage at the plate of V634A 
which, in turn, increases the screen voltage of V620. In- 
creasing the screen voltage of V620 increases the Gm, and 
therefore the gain, of the tube, and thereby increases the 
amplitude of oscillations in the secondary of T620. This 
results in greater output from all of the supplies. 

Regulation is accomplished in virtually the same manner. 
A lowering of the source voltage to which the oscilloscope 
is connected, or a lowering of any of the output voltages 
due to loading, causes the volts per turn in the secondary 
of T620 to decrease. This causes the — 100-volt supply to 
drop (move positively) with the resulting rise in the grid 
voltage of V634B. This results, as before, in a rise in the 
screen voltage of V620 and an increase in the amplitude 
of oscillations, bringing the power supply outputs back to 
their nominal values. 

An increase in any of the output voltages, whatever the 
reason, has the opposite effect on the screen voltage of 
V620 and decreases the amplitude of oscillations in T620. 

Regulation of the power supply outputs will be accom- 
plished as long as the source voltage remains between 105 
and 125 for 117-volt operation, or between 210 volts and 
250 volts for 234-volt operation. 




MAINTENANCE 




Preliminary Instructions 



PREVENTIVE MAINTENANCE 



Visual Inspection 

Every few months, the oKilloscope should be visuolly in- 
spected so that possible circuit defects may be detected. 
These defects may include such things os loose or broken 
connections, damaged binding pasts, improperly seated 
tubes, scorched wires or resistors, missing tube shields, and 
broken terminal strips. For most visuol troubles the remedy 
is apparent; however, particulor care must be taken when 
heat-damaged components are detected. Overheating of 
ports is often the result of other, less opporent, defects in the 
circuit. It is essential to determine the cause of overheating, 
before replacing heat-damaged ports, in order to prevent 
further domoge. 



Calibration 

The Type 503 Oscilloscope is a stable instrument which 
should provide mony hours of trouble-free operation. How- 
ever, to insure the reliability of measurements we suggest 
that you calibrate the instrument after each SOO hours of 
operation (or every six months if used intermittently). A 
complete step-by-step procedure for calibrating the instru- 
ment is presented in the Calibrotion section of this manual. 



REMOVAL AND REPLACEMENT OF PARTS 



General Information 

Procedures required for replacement of most parts in 
the Type 503 Oscilloscope ore obvious. Detailed instruc- 
tions for their removol ore therefore not required. Other 
ports, however, con best be removed if a definite pro- 
cedure is followed. Instructions for the removal of some of 
these parts ore contained in the following paragraphs. Be- 
cause of the noture of the instrument, replocement of cer- 
tain parts will require recalibration of sections of the oscil- 
loscope to insure proper operation. Refer to the Calibra- 
tion section of this manual. 



Removal of Panels 

The panels of the Type 503 Oscilloscope are held in place 
by small screwhead fasteners. Ta remove the side ponels, 
use o screwdriver to rotote the fasteners approximately two 
turns counterclockwise; then pull the upper portion of the 
panels outward from the carrying handles (see Fig. 5-1). 
Panels are replaced by reversing the order of their removol. 




rig. 5-1. ■•moving Ih* otcilloKogo tido pan«li. 



Replacement of the Cathode-Ray Tube 

To remove the cathode-ray tube, first disconnect the tube 
socket and all leods connected to the neck of the lube. Re- 
move the graticule cover, spacer washers, graticule, and 
graticule light shield. Loosen the tube clomp at the base 
of the crt. Pull the ert straight out through the front ponel 
(see Fig. 5-2). 

When the new crt is in place, the leads can be properly 
connected to the nock of the lube by following the color 
code information provided on the lube shield. After re- 
placement of the crt, it may be necessary to calibrate cer- 
toin portions of the oscilloscope. Special attention should 
be given to calibration of the sweep and the vertical de- 
flection foctor. 
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tig. 3-3. iMMaving »ti« (alhe<l«-iay lub«. 

Replacement of Switches 

Methods tor removal of defective switches are, for the 
most part, obvious and only a normal amount of core is re- 
quired. Single wafers ore normally not replaced on the 
switches used in the Type 503. If one wafer is defective, 
the entire switch should be replaced. Switches can bo 
ordered from Tektronix, either wired or unwired, as desired. 

Tube Replacement 

Core should be token both in preventive and corrective 
maintenance that lubes are not replaced unless they are 
acluolly causing trouble. Often during routine maintenance 
it will be necessary to remove lubes from their sockets. It 
is important Ihot these tubes be returned to their same sock- 
ets unless they ore oclually defective. Unnecessory re- 
placement or switching of tubes will often necessitate coli- 
brotion of the instrument. If tubes do require replacement, 
it is recommended that they be replaced by previously 
checked high-quolity tubes. 

Soldering Precautions 

In the production of Tektronix instruments, a special silver- 
bearing solder is used to establish a bond to the ceramic 
terminal strips. This bond con be broken by rcpcoled use 
of ordinary tin-lead solder, or by the application of too 
much heat. However, occasional use of ordinary solder will 
not break the bond if loo much heat is not applied. 

It is advisable to hove a stock of solder containing about 
3% silver if you frequently perform work on Tektronix in- 
struments. This type of solder is used frequently in printed 
circuitry ond should be reodily available. It may also be 
purchased directly from Tektronix in one-pound rolls (order 
by port number 251-514). 



Because of the shape of the terminals on Ihe ceramic 
terminal strips, it is advisable to use a wedge-shaped lip 
in your soldering Iron when installing or removing parts 
from the strips. A wedge-shaped tip allows you to apply 
heot directly to the solder in the terminals and reduce the 
amount of heat required. It is important to use as little 
heat as possible. 

REPLACEMENT PARTS 
Standard Parts 

Replacements for all parts used in Ihe Type 503 Oscil- 
loscope con be purchased directly from Tektronix at cur- 
rent net prices. However, since most of the components 
are standard electronic parts, they can generally be obtain- 
ed locally in less time than required to obtain them from 
the factory. Before ordering or purchasing parts, be sure to 
consult Ihe parts list to determine the tolerances and ratings 
required. The ports list gives the values, tolerances, rotings, 
and Tektronix port number for all components used in the 
instrument. 



Special Parts 

In addition to the stondard electronic components men- 
tioned in the previous porogroph, special ports ore also 
used in the assembly of the Type 503 Oscilloscope. These 
ports are manufactured or selected by Tektronix to satisfy 
particular requirements. Occasionally they are manufac- 
tured especially for Tektronix by other companies in ac- 
cordance with Tektronix specificotions. These ports, and 
most mechanical ports, should be ordered directly from 
Tektronix since they are normally difficult or impossible to 
obtain from other sources. All ports may be obtained 
directly from the foctory or through the locol Tektronix 
Field Office. 



Parts Ordering Information 

Each port in the Type 503 Oscilloscope hos a 6-digit Tek- 
tronix part number. This number and o description of the 
port will be found in the ports list. When ordering parts, 
be sure to include the following information: 

1. A description of the port. 

3. The part number 

3. The instrument type ond serial number. 

For example, a certain resistor should be ordered as fol- 
lows: R143, 22.6 k ’/jwatt, fixed resistor, tolerance 1%, part 
number 309-136 for a Type 503 Oscilloscope, serial number 
. When parts arc ordered in this monner we 
are able to fill your orders promptly, and delays that might 
result from transposed numbers in the part number are 
avoided. 

NOTE 

Always include the instrument TYPE and SERIAL 
NUMBER in any correspondence concerning this in- 
strument. 
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Since the production of your instrument, some of the 
parts may have been superseded by new or improved com- 
ponents. In such cases, the part numbers of these new com- 
ponents will not be listed in the Parts List. However, if you 
order a part from Tektronix and it has been superseded by 
a new component, the new part will be shipped in place 



of the part ordered. Your local Tektronix Field Engineer 
has knowledge of these changes and may call if a change 
in your purchase order is necessary. 

Replacement information sometimes accompanies the new 
components to aid in their installation. 



T roubleshooting 



TROUBLESHOOTING INFORMATION 

The Troubleshooting section is divided into two sections; 
Circuit Isolation and Circuit Troubleshooting. Upon detect- 
ing an apparent trouble, you can refer to the Circuit Isola- 
tion section to locate the proper circuit to check. After de- 
termining which circuit is at fault, you can then refer to 
the Circuit Troubleshooting information, where the procedure 
for troubleshooting within the circuit is given. Before at- 
tempting to troubleshoot the Type 503, make sure that any 
apparent trouble is actually due to a malfunction within 
the instrument and not due to improper control settings. 
Operating instructions for the Type 503 are contained in 
Section 3 of this manual. 

Although the Type 503 Oscilloscope is a stable instru- 
ment, many apparent troubles will be due to improper 
calibration of one or more circuits. One of the first steps 
in any troubleshooting procedure should be to check the 
calibration of the suspected circuit. A complete calibration 
procedure is given in Section 6 of this manual. 

Power-supply output voltages should be checked when- 
ever any type of trouble occurs in the instrument. Due to 
the circuit configuration employed in the Type 503, it is 
possible for an incorrect power-supply voltage to affect one 
circuit more than others. When all but one circuit in the 
oscilloscope is functioning properly, there is a tendency 
to overlook the power supply as a source of the trouble 
and to concentrate on the circuit where the trouble appar- 
ently exists. In cases of this type, valuable time may be 
saved by checking the power supplies first. If the output 
and ripple voltages of the regulated power supplies are 
correct, the power supplies can be assumed to be operating 
correctly. 

When the trouble has been isolated to a definite cir- 
cuit, perform a complete visual check of that circuit. Many 
troubles can be found easily by visual means. If a visual 
check fails to detect the cause of the trouble, check all tubes 
by substitution. Tube failure is the most prevalent cause of 
circuit failure. Do not depend on tube testers to adequately 
indicate the suitability of a tube for use in the instrument. 
The criterion for usability of a tube is whether or not it 
works satisfactorily in the instrument. Be sure to return any 
tubes found to be good to their original socket. 

Separate circuit diagrams for each circuit are contained in 
the Parts List and Schematic Diagrams Booklet used in con- 
junction with this manual. In addition, a block diagram 
provides an overall picture of instrument operation. The 
reference designation of each electronic component in the 
instrument is shown on the circuit diagrams, in addition to 
important voltages and waveforms. The following chart 
lists the reference designations associated with each circuit. 



All numbers less 




than 100 


Sweep Trigger 


All 100 numbers 


Sweep Generator 


All 300 numbers 


Horizontal Amplifier and 




Horizontal Display Switch 


All 400 numbers 


Vertical Amplifier and 




Attenuator Switch 


All 600 numbers 


Power Supply 


All 800 numbers 


Crt Circuit and 




Calibrator 



Switch wafers shown on the circuit diagrams are coded 
to indicate the position of the wafer on the actual switches. 
The number portion of the code refers to the wafer number 
on the switch assembly. Wafers are numbered from the 
front of the switch to the rear. The letters F and R indicate 
whether the front or the rear of the wafer is used to per- 
form the particular switching function, 

CIRCUIT ISOLATION 

Although the Type 503 Oscilloscope is a complex instru- 
ment, it can be thought of as consisting of six main circuits 
in addition to the calibrator circuit. These are the: 

1. Power Supply 

2. Crt Circuit 

3. Sweep Generator 

4. Sweep Trigger 

5. Vertical Amplifier 

6. Horizontal Amplifier 

The first circuit to check, for practically any type of 
trouble, is the Power Supply circuit. An improper output 
voltage from this supply will affect the operation of the en- 
tire instrument. 

The crt display can often be used to isolate the trouble 
to one particular circuit when trouble obviously exists in 
that circuit. If there is no vertical deflection, for example, 
when the intensity and horizontal deflection appears to be 
normal, it is apparent that an open condition exists in the 
Vertical Amplifier and this circuit should be investigated 
first. 

This portion of the troubleshooting procedure lists some 
of the troubles that can be caused by a circuit failure in 
the Type 503 Oscilloscope. It also describes checks that 
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can be made to isolate the faulty circuit or circuits. In some 
cases simple front panel checks can determine which cir- 
cuit is detective, but in other cases internal checks and/or 
measurements are required. 

The following troubleshooting information is divided ac- 
cording to the various types of trouble. Upon detecting an 
apparent trouble, you can use the symptoms to locate the 
proper circuit to check. After determining which circuit is 
at fault, you can refer to the Circuit Troubleshooting in- 
formation, where the procedure for troubleshooting within 
the circuit is given. 



No Spot or Trace 

The inability to display a spot or trace on the face of the 
crt may be due to a defective power supply, an unbalanced 
condition in either or both of the deflection amplifiers, a 
defect in the Sweep Generator, or a defective Crt Circuit. 

To determine which circuit is at fault, turn the INTEN- 
SITY control clockwise. Set the LEVEL control to FREE RUN 
and the S'A/EEP TIME/CM control to the 1 mSEC position. 
Set the HORIZONTAL DISPLAY switch to the S'A/EEP NOR- 
MAL XI position. 

The first section to check for trouble is the Power Supply. 
If the output voltages of the Power Supplies are correct 
(see Fig. 6-1), proceed to the next step. 

A quick check for correct operation of the Sweep Gen- 
erator is to turn the HORIZONTAL DISPLAY switch to the 
HORIZ. AMPLIFIER position. Adjust the VERTICAL POSI- 
TION and the HORIZONTAL POSITION controls. A spot 
should appear if the Sweep Generator is defective. 

If a spot does not appear with the HORIZONTAL DIS- 
PLAY switch in the HORIZ. AMPLIFIER position, short the 
vertical deflection plates together. Be careful not to short 
either pin to the metal shield around the crt. Adjust the 
HORIZONTAL POSITION control and see if a spot appears 
on the crt. If so, a state of unbalance in the vertical de- 
flection system is indicated. 

If no spot appeared during the previous check, short the 
horizontal deflection plates together. Adjust the VERTICAL 
POSITION control and see if a spot now appears on the 
screen. If so, a state of unbalance in the horizontal de- 
flection system is indicated. 

If neither of the previous checks indicates the source of 
trouble, check the cathode voltage of V135B; this should 
be about +225 volts. This voltage is the unblanking 
potential for the crt and must be applied to the crt to obtain 
a spot or trace. 

If none of the previous checks indicates the source of 
trouble, a defective crt or trouble in the Crt Circuit is in- 
dicated. 



Insufficient Vertical Deflection, Waveform Dis- 
tortion, or Low Differential Input Rejection Ratio 

These troubles are all caused by a defective vertical 
amplifier. Refer to the Circuit Troubleshooting section of 
the Troubleshooting procedure. 



Insufficient or No Horizontal Deflection 

Either of these conditions can be produced by the Sweep 
Generator or the Horizontal Amplifier. If the sweep is short- 
ened but the timing is not affected, the trouble is probably 
in the Sweep Generator. If both the sweep length and the 
timing are affected, the trouble is probably in the Hori- 
zontal Amplifier. 

As an additional check to determine which circuit is de- 
fective, place the HORIZONTAL DISPLAY switch in the 
HORIZ. AMPLIFIER position. Set the HORIZONTAL SENSI- 
TIVITY switch to the .1 VOLTS/CM position and the VARI- 
ABLE control fully clockwise. Connect the 500 mV calibrator 
signal to the +INPUT connector of the horizontal channel. 

Two dots, spaced 5 cm apart, should appear when the 
positioning controls are adjusted. If the deflection is cor- 
rect, the trouble is probably in the Sweep circuit. If the de- 
flection is not correct, the trouble is in the Horizontal Am- 
plifier. 



Nonlinear Horizontal Sweep 

The linearity of the horizontal deflection can be checked 
by connecting a marker generator or the calibrator output 
to a vertical input of the oscilloscope. If the sweep is linear, 
the markers or the calibrator waveform will be spaced equi- 
distant along the sweep. A nonlinear sweep can be caused 
by either the Sweep Generator or the Horizontal Ampli- 
fier. 

To determine which circuit is defective, place the HORI- 
ZONTAL DISPLAY switch in the HORIZ. AMPLIFIER posi- 
tion. Set the HORIZONTAL SENSITIVITY control to .5 
VOLTS/CM position and the VARIABLE control fully clock- 
wise. Connect the 500 mV signal from the CAL. OUT con- 
nector to the + INPUT connector of the Horizontal Chan- 
nel. 

Two dots, spaced 1 cm apart, should appear when the 
positioning controls are adjusted. If the spacing between 
dots remains the same as they are moved across the screen 
with the HORIZONTAL POSITION control the nonlinearity 
is probably in the Sweep Generator. If the spacing be- 
tween dots varies, the trouble is in the Horizontal Amplifier. 



Improper Sweep Timing 

If the timing is off in some, but not all, positions of the 
S'A/EEP TIME/CM switch, one of the timing resistors or 
timing capacitors has changed in value. By comparing the 
switch positions in which the timing is incorrect with the 
Timing Switch diagram, you will be able to tell which 
components are common to these positions. 

If the timing is off in all positions of the S'A/EEP TIME/ 
CM switch, the Horizontal Amplifier is probably the circuit 
at fault. However, it is important that the power supply 
voltages be checked. Check to see if the timing circuits can 
be calibrated in accordance with the instructions presented 
in the Calibration section of this manual. If the circuits 
cannot be adjusted for correct timing, then refer to the 
section on troubleshooting the Horizontal Amplifier. 
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improper Triggering 

If the waveform you are observing cannot be triggered 
(locked into position) properly, the trouble can be misad- 
iustment of the STABILITY control or malfunction of some 
other part of the Sweep circuit or the Trigger circuit. 

Check the adjustment of the STABILITY control as des- 
cribed in the Calibration section of this manual. If the 
trace can be turned on and off by rotating the LEVEL con- 
trol into and out of the FREE RUN position, the Trigger cir- 
cuit is probably causing the trouble. If the trace cannot be 
turned off with the LEVEL control, the Sweep circuit is likely 
at fault. 



CIRCUIT TROUBLESHOOTING 

This portion of the Troubleshooting procedure contains 
information for locating a defective stage within a given 
circuit. Once the stage at fault is known, the corhponent or 
components causing the trouble can be located by tube and 
component substitution, voltage and resistance measure- 
ments, or by short and continuity checks. 

As mentioned previously, tube failure is the most pre- 
valent cause of circuit failure. For this reason, the first step 
in troubleshooting any circuit is to check for defective tubes, 
preferably by direct substitution. Be sure to return any tubes 
found to be good to their original sockets. 

If replacement of a defective tube does not correct the 
trouble, then check to see that components through which 
the tube draws current have not been damaged. Shorted 
tubes will often overload and damage plate load and cath- 
ode resistors. These components can sometimes be located 
by a visual inspection of the circuit. If no damaged com- 
ponents are apparent, however, it will be necessary to make 
measurements or other checks within the circuit to locate the 
trouble. 



Troubleshooting the Power Supply 

Proper operation of every circuit in the Type 503 Oscil- 
loscope depends on proper operation of the Power Supply. 
The voltages must remain within their specified tolerances 
for the instrument to maintain its calibration. 

No Output Voltage. If the graticule lamps do not oper- 
ate when the POWER switch is turned on, check the POWER 
switch, the fuse and line voltage. Shorts in the primary 
and secondary circuits of T601 will cause the fuse to blow. 
If the fuse is not blown and the line voltage is correct, next 
check the primary windings of the power transformer. 

If the graticule lamps operate correctly, the primary cir- 
cuit of the power transformer (T601) is operating normally 
and the trouble lies somewhere in the secondary circuit or 
the oscillator circuit (V620, T620). 

To check the secondary circuit of T601, measure the volt- 
age at the junction of D612 and C612 (Fig. 6-1). This volt- 
age should be approximately +500 volts. Check the sec- 
ondary winding of T601 and the voltage doubler circuit if 
the voltage is not correct. A reading of approximately 
600 volts or more at the junction of D612 and C612 indi- 



cates the oscillator circuit (V620, T620) is inoperative. Before 
replacing V620, check for defective parts associated with 
V620. Some of the parts to check, for example, are T620, 
C620, C621, and R621. 

If the proper output voltage is obtained from at least one 
of the power supplies, the oscillator circuit need not be 
checked. In this case, you should check the rectifier and 
components associated with the inoperative supply. 

Failure to Regulate at the Correct Voltage. If the sup- 
plies fail to regulate at the proper voltages, first check the 
line voltage. The supplies are designed to regulate be- 
tween an input voltage of 105 and 125 volts (or 210 and 
250 volts), with the design center at 117 volts (or 234 volts), 
rms. Improper line voltage may cause the supply voltages 
to be off. 

If the output of any of the supplies is off by only a small 
amount, it may be possible to readjust the — 100 ADJ. con- 
trol to obtain the proper voltage. It should be noted that 
when the setting of the — 100 ADJ. control is changed, the 
entire instrument must be recalibrated according to the 
procedure given in Section 6 of this manual. 

If the supplies fail to regulate, check the tubes (if this 
has not already been done). Then make sure that the 
voltage at the junction of D612 and C612 is approximately 
+500 volts. Check for off-value resistors, especially in the 
dividers, and for open or leaky capacitors associated 
with V634. 

If there is excessive ripple on only one of the supplies, 
check for open or leaky capacitors in that circuit. 

Troubleshooting the Crt Circuit 

Trouble other than power supply trouble which affects the 
Crt Circuit will generally be caused by defects in the in- 
tensity and focus voltage dividers, defects in the divider 
associated with pins 7 and 1 1 of the crt, by the astigmatism 
control, or by the crt itself. These parts (except for the crt) 
can be checked by voltage and resistance measurements. 
If the circuits check out satisfactorily replace the crt. 

Troubleshooting the Vertical Ampifier 

No Spot or Trace. As mentioned earlier in the trouble- 
shooting procedure, if a spot is visible when the vertical 
plates are externally shorted together, but disappears when 
the short is removed, the Vertical Amplifier is in a state 
of dc unbalance. To locate the defective stage, first set 
both INPUT switches to the GND position and the SENSITIV- 
ITY switch to the .2 VOLTS/CM position. Then, with an 
insulated shorting strap, short between the points shown in 
Fig. 5-3, starting at the right and progressing toward the 
left. As you short between the points, in turn, the spot 
should appear on the screen as each connection is made. 
You may have to readjust the POSITION control when short- 
ing between plates of the input stage. 'A/ith the input stage 
grounded, the DC BAL. control may have to be readjusted. 

'A/hen you reach a point where the spot does not re- 
turn to the screen, the stage immediately following this 
point is at fault. The trouble may be caused by a defective 
tube, transistor, resistor, capacitor, or broken lead. 
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Fig. 5-3. Checking the Vertical Amplifier for an unbalance condition. 




(a) 



(b) 



(c) 



Fig. 5-4. Frequency distortion. (a) Low-frequency distortion of an ac-coupled 
100-cps square wave due to attenuation of the low-frequency components of the 
waveform, (b) High-frequency distortion of a 1000-cps square wave due to ex- 
cessive boost of the high-frequency components of the waveform, (c) High-fre- 
quency distortion of a 1 000-cps wave due to attenuation of the high-frequency 
components of the waveform. 
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Insufficient or No Vertical Deflection. Insufficient verti- 
cal deflection indicates a change in the gain characteristics 
of the Vertical Amplifier. If the change in gain is small, 
the Vertical Amplifier can usually be calibrated for gain. 
In this event, refer to the Calibration section of this manual. 

If the change in gain is more pronounced, or if there is 
no vertical deflection at all, the tubes and transistors should 
first be checked. Then check for components which can 
affect the gain of the circuit but not the dc balance. Such 
parts are common cathode resistors in the Input and Out- 
put Amplifier stages, or plate dropping resistors which are 
common to both sides of the amplifier. 

Insufficient vertical deflection will also be caused if the 
frequency limits of the amplifier are exceeded. 

Waveform Distortion. Waveform distortion can be 
divided into two categories — low frequency and high fre- 
quency. If a square wave is applied to an input of the oscil- 
loscope, the type of distortion can be determined by the 
shape of the displayed waveform. High frequency distortion 
will primarily affect the leading edge and trailing edge of 
the applied square wave while low frequency distortion will 
primarily affect the midportion of the waveform. 

Waveforms showing low frequency distortion and two 
types of high frequency distortion are shown in Fig. 5-4. 
The shape of these waveforms will vary widely, however, 
with the cause of the distortion and the frequency of the 
applied waveform. A nominal amount of low frequency 
distortion is normal for very low input frequencies when ac 
coupling is used, and a nominal amount of high frequency 
distortion is normal at the upper frequency limits of the 
instrument. It is only when this distortion is excessive in the 
normal frequency range of the instrument that it constitutes 
a trouble. 

Low frequency distortion is usually caused by a change 
in the time constant of the input coupling circuit. If tubes 
become gassy, however, their resultant grid current will 
establish a time constant network which will affect the low 
frequency response of the circuit. 

Factors which can affect the high frequency response of 
the vertical amplifier are mainly related to the high fre- 
quency compensation networks. An overshoot waveform 
can be caused by excessive high-frequency peaking or by 
a tube condition known as cathode interface. If this type 
of distortion is detected, check the tubes in the amplifier. 
If tube replacement does not completely correct the trouble, 
then check the adjustment of C406 and C416 and the high 
frequency compensation networks in the attenuators. Re- 
fer to the Calibration section of this manual. 

Undershoot or rolloff can be caused by insufficient high- 
frequency peaking and by tubes. If tube replacement does 
not correct this type of distortion, then check the adjust- 
ments of C406 and C4I6 and the divider networks in the 
attenuators. 

Low Differential Input Rejection Ratio. Low rejection 
ratio is usually caused by tubes or transistors. If replace- 
ment of tubes or transistors does not correct the trouble, 
then check for components which can affect the balance of 
the circuit. 

Troubleshooting the Horizontal Amplifier 

If a spot is visible when the horizontal deflection plates 



are externally shorted together, but disappears when the 
short is removed, the Horizontal Amplifier is in a state 
of unbalance. 

When the HORIZONTAL DISPLAY switch is in the HORIZ. 
AMPLIFIER position, the operation of the Horizontal Ampli- 
fier is virtually identical to that of the Vertical Ampli- 
fier. Therefore, the procedure for troubleshooting the Hori- 
zontal Amplifier is the same as that explained previously 
for troubleshooting the Vertical Amplifier. 

Troubleshooting the Sweep Trigger Circuit 

To determine which stage is defective, rotate the TRIG- 
GER LEVEL control fully counterclockwise to the AUTO, 
position. With no triggering signal, the sweep should ap- 
pear on the crt. If the sweep does not appear, either the 
Trigger Multivibrator is defective or the SWEEP STABILITY 
ADJUST is misadjusted. Refer to the Calibration section for 
adjustment procedures for the SWEEP STABILITY ADJUST. 
If the sweep does appear, either the Trigger Amplifier or the 
Trigger Multivibrator may be at fault. 

A check on the Trigger Amplifier circuit may be made as 
follows. With the LEVEL control still in the AUTO, posi- 
tion, measure the voltage at the plate, pin 6, of V24B. This 
voltage should be approximately +98 volts. If the voltage 
is incorrect, the trigger amplifier circuit is defective. The 
trouble will probably exist in the tube, resistors, or switches 
of the circuit. 

If the voltage measured at pin 6 of V24B is correct, ro- 
tate the LEVEL control completely through its range while 
monitoring the voltage at this point. The voltage should 
vary between approximately 70 and 130 volts. An incorrect 
voltage range indicates a defective amplifier or LEVEL con- 
trol. If the voltage range is correct, the trouble is in the 
trigger multivibrator. A trouble in the multivibrator will 
probably be due to a defective tube or resistor. The volt- 
age divider network between the plate of V45A and the 
grid of V45B is particularly critical. 

Troubleshooting the Sweep Generator Circuit 

It is important that you understand the operation of the 
Sweep Generator circuit before proceeding with any ex- 
tensive investigation of the circuit. For this reason, we sug- 
gest that you thoroughly study that portion of the Circuit 
Description that pertains to this circuit. 

No Horizontal Sweep. If the sweep circuit is not pro- 
ducing a sawtooth waveform when the TRIGGER LEVEL 
control is in the FREE RUN position, some defect in the cir- 
cuit is causing the output to remain at some fixed voltage. 
A clue to the cause of this trouble can be obtained by 
measuring the plate voltage of the Miller tube, V160A. 

NOTE 

All voltages in this section should be measured with 
a 20,000 ohms-per-volt voltmeter or a vacuum-tube 
voltmeter. 

The voltage reading obtained will probably be approxi- 
mately +200 volts, or approximately +30 volts. A reading 
of +200 volts indicates that the Miller stage has run up 
and has not been reset, while a reading of +30 volts in- 
dicates that the Miller stage is not being allowed to run 
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up. The condition that actually exists will depend on the 
type of trouble occurring in the circuit. The two conditions 
of the plate voltage will be handled separately in the fol- 
lowing paragraphs. 

High voltage at the plate of the Miller tube, V160A, in- 
dicates the tube is cut off. This can result from any one of 
the following conditions: (1) The Disconnect Diodes do not 
conduct, (2) Sweep-Gating Multivibrator does not reset, 
(3) Hold off Circuit does not reset the Sweep-Gating Multi- 
vibrator and, (4) Runup Cathode Follower does not drive 
the Hold-Off Circuit. The defective stage can be detected 
by a series of systematic voltage measurements. When an 
improper voltage reading is obtained, this will indicate the 
defective stage. 

Check the voltage at the grid of the Miller tube, pin 2, 
V160A. The static voltage at the Miller grid is determined 
by conduction through the Timing Resistor, R160 (from 
-100-volt bus), the lower diode, V152B, and resistor R1 47. 
If the voltage reading is less than — 4 volts, V152B is prob- 
ably conducting normally and can be eliminated as a pos- 
sible cause of the trouble. If the voltage is more negative 
than approximately — 20 volts, the diode is probably not 
conducting. Check VI 52 and resistor R1 47. 

Measure the voltage at the output of the Sweep Gener- 
ator circuit (pin 8 of V160B). If this voltage is approxi- 
mately + 150 volts, the Runup Cathode Follower stage may 
be assumed to be operating correctly. If this voltage is low, 
however, the stage is defective and its grid and cathode 
circuits should be checked. 

Next, measure the voltage at the cathode of V145B, pin 
3. If this voltage is more positive than —55 volts the trouble 
is in the Sweep-Gating Multivibrator. Check the tubes and 
resistors in this circuit. The voltage divider network in the 
cathode of V135B is particularly critical. 

If the voltage at the cathode of V145B, pin 3, is more 
negative than — 55 volts, check the tubes in the Hold-Off 
Circuit, the Hold-Off capacitor, and resistors in the cathode 
circuit of the two tubes. 

Low voltage at the plate of the Miller tube indicates that 
the tube is conducting quite heavily and is not being al- 
lowed to perform its normal runup operation. If this trouble 
exists on only a few ranges of the SWEEP TIME/CM switch. 



the trouble is likely to be an open timing resistor. If the 
trouble exists on all ranges of the SWEEP TIME/CM 
switch, the trouble is probably due to a defective Sweep- 
Gating Multivibrator. 

To check the Sweep-Gating Multivibrator, monitor the 
voltage at pin 3 of V145B and adjust the STABILITY ADJUST 
control for a reading of — 66 volts on the voltmeter. With 
this voltage, the Sweep-Gating Multivibrator and the sweep 
should free run. If the multivibrator does not free run, 
check the resistances in the stage. 

If the voltage at pin 3 of V145B remains relatively con- 
stant as the STABILITY ADJUST control is rotated, a defect 
in the Hold-Off Circuit is indicated. A probable cause of 
this condition could be a shorted hold-off capacitor. If 
the voltage does not adjust to the proper level, check the 
resistors in the cathode circuit of V145B. 

Nonlinear Sweep. A nonlinear sweep voltage will be 
generated if the current charging the Timing Capacitor 
does not remain constant. If the nonlinearity exists at all 
sweep rates, a defective Miller tube (V160A) is the probable 
cause of the trouble. If the nonlinearity occurs only at cer- 
tain sweep rates, a faulty Miller tube or a leaky Timing 
Capacitor is the probable cause. 

Insufficient Horizontal Deflection. If the horizontal 
trace starts at the left-hand side of the screen, but does not 
extend to the right-hand side, the Hold-Off Circuit is re- 
setting the Sweep-Gating Multivibrator before the sweep is 
complete. If the sweep cannot be adjusted to normal length 
with the SWP. LENGTH control, R1 76, the resistance in the 
cathode circuit of V160B should be checked. 

Improper Triggering. If the sweep cannot be triggered 
properly, the gating pulse from the Multivibrator is not turn- 
ing the Disconnect Diodes (V152A&B) off and on properly. 
The start of the gating pulse, which turns the diodes off and 
starts the sweep, is initiated by the triggering pulse at the 
grid of V135A. The end of the gating pulse, which turns 
the diodes on and initiates the retrace, is controlled by the 
hold-off waveform at the grid of V135A. The main com- 
ponent to check, in addition to the tubes, is the differentiat- 
ing capacitor Cl 31. Misadjustment of the STABILITY AD- 
JUST control (Rill) will also cause the Sweep Generator 
to trigger improperly. Refer to the Calibration section for 
correct adjustment. 




CALIBRATION 




INTRODUCTION 



The Type 503 Oscilloscope is a stable instrument and 
should not require frequent calibration. However, it will 
be necessary to calibrate certain parts of the instrument 
when tubes or components are changed. Also, a periodic 
calibration is desirable from the standpoint of preventive 
maintenance. 

Apparent trouble in the instrument may be due to im- 
proper calibration of one or more circuits. Consequently 
this section of the manual should be used in conjunction with 
the Maintenance section during troubleshooting work. If 
trouble occurs in the instrument, you must be sure that it 
is not due to improper calibration before proceeding with 
more detailed troubleshooting. 

In the instructions that follow, the steps are arranged 
in the proper sequence for a complete calibration of the 
instrument. Each numbered step contains the information 
required to make one adjustment or a series of related ad- 
justments. Controls not mentioned in a given step are 
assumed to be set at the positions they were lost in during 
the preceding step. 

If a single control requires adjustment, and the particular 
control is known, it can often be adjusted without calibrat- 
ing the entire instrument, provided the control does not in- 
teract with other adjustments. In such cases, the control 
is adjusted in the normal manner, as described in the ap- 
plicable calibration step. It may be necessary, however, 
for you to refer to the calibration steps immediately pre- 
ceding the adjustment you wish to make to determine the 
proper setting for the controls not mentioned in that step. 
Due to the interaction between adjustments in the horizontal 
and vertical amplifiers, single adjustments in these circuits 
usually cannot be made. When amplifier adjustments are 
required, the entire amplifier should be calibrated. In ad- 
dition, if the -100-volt supply is adjusted, the entire in- 
strument must be calibrated. 

Fig. 6-6 and Fig. 6-7 show the location of the internal 
adjustments referred to in the calibration procedure. 



EQUIPMENT REQUIRED 

The following equipment is necessary for a complete cali- 
bration of the Type 503 Oscilloscope. 

1. DC voltmeter (sensitivity of at least 5000 fi/v), calibrated 
for an accuracy of 1 % at 12.6, 85, 100, and 250 volts, and 
for an accuracy of 3% at 3000 volts. 



2. Accurate rms-reading ac voltmeter, having a range of at 
least 0-125 volts. (0-250 for 234-volt operation.) 

3. Variable autotransformer having a rating of at least 
500 watts. 

4. Time-Mark Generator, Tektronix Type 180 or Type 180A 
or equivalent. Time-mark generator used must have markers 
at 1 fxsec, 1 0 fxsec, 1 00 /isec, 1 msec, 5 msec, 1 0 msec, 1 00 
msec, 1 sec, and 5 sec, with an accuracy of at least 1 %. 

5. Square-Wave Generator, Tektronix Type 105 or equiva- 
lent. Required specifications are: (1) output frequency of 
approximately 1 kilocycle, (2) risetime of 0.02 microsecond 
or less, and (3) output amplitude variable from about 40 
millivolts to 100 volts. 

6. Test oscilloscope with calibrated vertical deflection fac- 
tors from .01 to 10 volts per division. 

7. Low-capacitance calibration tool; Tektronix part number 
003-000 (see page 11, Accessories Section) or equivalent. 

8. Coaxial Cable suitable for applying the outputs of the 
square-wave generator and the time-mark generator to the 
inputs of the Type 503. 

9. 47-fjLfif Input Capacitance Standardizer, Tektronix Type 
CS47 or equivalent. 



ADJUSTMENT PRQCEDURE 



Preliminary 



Remove the side covers from the Type 503 Oscilloscope. 
Set the front panel controls as follows (controls not listed 
may be left in any position): 



SLOPE 

COUPLING 

SOURCE 

LEVEL 

SWEEP TIME/CM 

VARIABLE 

INTENSITY 

HORIZONTAL DISPLAY 
VERTICAL 
SENSITIVITY 



+ 

AC 

INT. 

ccw but not AUTO. 

1 mSEC 

CALIBRATED (fully cw) 
Fully ccw 
SWEEP NORMAL (XI) 

.1 VOLTS/CM 



® 
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VARIABLE CALIBRATED (fully cw) 

POSITION midrange 

+ INPUT DC 

-INPUT GND 

Connect the Type 503 Oscilloscope to the outotronsformer, 
and turn on all equipment. Set the output of the autotrons- 
former to the design center voltage far which yaur instru- 
ment is wired (117 or 234 volts). Allow the instrument to 
warm up for at least 5 minutes before proceeding with the 
calibration adjustments. 



Power Supply 

1. — 100 ADJ. With the dc voltmeter measure the output 
voltage ol the — 100-, -{-12. 6-, -t-lOO-, -f-85-, -{-250-, ond 
-3000-volt supplies ol the points indicated in Fig. 6-1. Set 
the —100 ADJ. control so Ihot the -100-volt supply is with- 
in 2% and the other supplies within 5% of their rated 
values. 

NOTE 

Do not odjust the —100 ADJ. control unless one or 
more of the supplies is actually out of tolerance or 
unless you are planning to perform a complete re- 
colibration ol the instrument. 




Fig. 6>1. Locotion of Powor Supply tt»l polnU. 

2. Regulation. Very the outotronsformer output voltage 
between 105 and 125 volts (or between 210 ond 250 volts 
if the power transformer is wired for 234-volt operation). 
All of the regulated voltages should remain within toler- 
ance over this range. 

3. Ripple. Using the test oscilloscope, check the 120- 
cycle ripple voltage at the output of each power supply 



when the output voltage of the autotransformer is set for 
117 volts (or 234 volts). Ripple at the output of all of 
the power supplies, except the -3000-volt supply, should 
be 25 millivolts or less. Do not attempt to measure the rip- 
ple on the -3000-volt supply. 

Calibrator 

4. CAL. ADJ. Connect the input of the test oscilloscope 
to the CAL. OUT 500 mV terminol on the front panel. Ad- 
just the CAL. ADJ. control (R860) for on output amplitude 
of 500 millivolts. Disconnect the test oscilloscope. 

Crt Circuit 

5. Crt Alignment. Check to see that the crt rests snugly 
against the graticule. If it does not, loosen the crt clamp 
(see Fig. 6-6) and push the tube forward by pushing on the 
tube socket. Then lighten the crt clamp. 

Set the LEVEL control to the FREE RUN position. Turn 
up the INTENStTY control until a troce is visible (it may 
be necessary to adjust the VERTICAL POSITION control) 
and adjust the FOCIJS and ASTIGMATISM controls for the 
narrowest trace width. With the VERTICAL POSITION con- 
trol, position the trace directly behind the center graticule 
line. If the trace is tipped relative to the graticule line, 
rotate the crt alignment knob until the trace coincides with 
the graticule line. 

6. Astigmatism Adjust.* Rotate the FOCUS control fully 
clockwise and sot the HORIZONTAL DISPLAY switch to 
the HORIZ. AMPLIFIER position. Position the spot onto 
the screen, and adjust the ASTtG. ADJ. control so that 
the defocused spot is as nearly circular as possible. Adjust 
the FOCUS control so thot the spot is in sharp focus. The 
tNTENSITY control may have to be odjusted to produce a 
defocused circle, but core should be taken not to burn the 
crt foce when a sharply focused spot is produced. 

Triggering Circuit 

7. SWEEP STABILITY ADJUST.** Set the VERTICAL SEN- 
SITIVITY control to the .1 VOLTS/CM position ond the 
HORIZONTAL DISPLAY switch to the SWEEP NORMAL 
position. Set the LEVEL control to the FREE RUN position 
ond center the trace verticolly on the screen. Ad- 
just the INTENSITY and FOCUS controls for best definition. 
Reset the LEVEL control to AUTO, (lull left). Set the SWEEP 
STABILITY ADJUST control (Rill, screwdriver adjustment, 
front ponel) fully counterclockwise. Next, turn the SWEEP 
STABILITY ADJUST control clockwise until a troce is visible 
on the crt. Nolo the position of the control. Then, advance 
the control further clockwise until the trace brightens. Back 
off the control and set it midway between the point where 
the troce first becomes visible ond the point where it 
brightens. 

* Mok* Ihii odvilmeni only on imlrumnnls having tnriol numbnr 
000270 Of htghnr. On initrwnienU hoving terio) numbers lower 
Ihon 000270, the ASTIGMATISM control ii locoled on the front 
ponel and easily adjusted during operation of the OKilloscopo- 

** Although this control it shown on the Sweep Cenerotor circuit 
diagram, it is more closely ossocioted with the triggering circuitry 
ond its odjustment is therefore included in this section. 
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Vertical Amplifier 



8. COARSE DC BAL. Rotate the LEVEL control to the FREE 
RUN position. Set the SENSITIVITY control to .2 VOLTS/ 
CM and the VARIABLE control to the CALIBRATED position. 
Set the DC BAL. control to midrange. Set both VERTICAL 
INPUT switches to the GND position. Center the trace 
vertically on the crt with the POSITION control. Adjust the 
COARSE DC BAL. control (R436) so that the trace does not 
shift vertically as the SENSITIVITY switch is rotated between 
the .2 VOLTS/CM and the 1 mV/CM positions. 



9. .2V GAIN ADJ. This adjustment and the following 
step determine the gain of the Vertical Amplifier and there- 
fore the calibration of the SENSITIVITY switch. To adjust the 
.2V GAIN ADJ. (R478), set the front-panel controls as fol- 
lows; 



SLOPE 

COUPLING 

SOURCE 

LEVEL 

S'A/EEP TIME/ CM 
VARIABLE 

HORIZONTAL DISPLAY 
VERTICAL 
SENSITIVITY 
VARIABLE 
+ INPUT 
-INPUT 



+ 
AC 
INT. 
AUTO 
1 mSEC 
CALIBRATED 
S'A/EEP NORMAL (XI) 

.1 VOLTS/CM 
CALIBRATED 
DC 
GND 



Connect a jumper wire from the CAL. OUT 500 mV con- 
nector to the -f INPUT connector. Adjust the FOCUS, IN- 
TENSITY, and POSITION controls for a suitable display. 
Adjust the .2V GAIN ADJ. control for a deflection of five 
centimeters. 



10. 1 mV GAIN ADJ. Connect the jumper wire from the 
CAL. OUT 5 mv connector to the +INPUT connector. Set 
the SENSITIVITY switch to 1 mV/CM. Make sure the SENSI- 
TIVITY VARIABLE control has not been moved from the 
CALIBRATED position. You may have to adjust the DC BAL. 
control to position the display on the screen. Adjust the 1 
mV GAIN ADJ. control (R460) for five centimeters of verti- 
cal deflection. Repeat steps 9 and 10 until both adjustments 
are correct. Disconnect the jumper wire. 



11. High-Frequency Compensation. To adjust the high- 
frequency compensation of the attenuators, set the front- 
panel controls as follows; 



SLOPE 

COUPLING 

SOURCE 

LEVEL 

S'A/EEP TIME/CM 
VARIABLE 

HORIZONTAL DISPLAY 
VERTICAL 
SENSITIVITY 
VARIABLE 
-l-INPUT 
-INPUT 



-f 
AC 
INT. 
AUTO. 
.5 mSEC 
CALIBRATED 
S'A/EEP NORMAL (XI) 

.2 VOLTS/CM 
CALIBRATED 
DC 
GND. 



TYPE 105 
SQUARE-WAVE 
GENERATOR 



TYPE 503 
OSCILLOSCOPE 




Fig. 6-?. Tektronix Type 105 Square-Wave Generator connected for high-frequency 
compensation of the Type 503 Oscilioscope Vertical Amplifier. 
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Connect the output of the square-wove generator through 
the 47-n/if copocitonce stondordizer to the + INPUT con- 
nector of the Type 503. Adjust the square-wave generator 
for an output frequency of 1 kc. Fig. 6-2 shows the Tek- 
tronix Type 105 Square-Wove Generator connected for this 
step. 

Set the SENSITIVITY control to the positions indicoted 
in Toble 6-1 and adjust the corresponding capacitors for 
the best square-wave response. C416, C415B, ond C414B 
affect the overoll level of the square wave; C415C and 
C414C hove the most effect on a smoll portion of the lead- 
ing edge and corner. Maintain about four centimeters of 
vertical deflection by adjusting the output amplitude of the 
square-wave generotor as you switch the SENSITIVITY 
control from one setting to the next. 



TABLE 6-1 



SENSITIVITY 


ADJUST 


.2 VOLTS/CM 


C416 


.5 VOLTS/CM 


C415B, C415C 


5 VOLTS/CM 


C414B, C414C 



HORIZONTAL DISPLAY 



HORIZ. AMPLIFIER 



HORIZONTAL 

SENSITIVITY 

VARIABLE 

-HNPUT 

-INPUT 



.1 VOLTS/CM 
CALIBRATED 
DC 
GND 



Connect a jumper wire from the CAL. OUT 500 mV 
connector to the -(-INPUT connector. Two dots, spaced 
approximately five centimeters opart, should appear on the 
screen. Adjust the FOCUS, INTENSITY, and POSITION 
controls for a suitable disploy. Adjust the .2V GAIN ADJ. 
control for a deflection of exactly five centimeters. 



14. 1 mV GAIN ADJ. Connect the jumper wire from the 
CAL. OUT 5 mV connector to the -t- INPUT connector. Set 
the SENSITIVITY switch to 1 mV/CM. Moke sure the SEN- 
SITIVITY VARIABLE control hos not moved from the CALI- 
BRATED position. You may hove to adjust the DC BAL. 
control to position the signal on the screen. Adjust the 
I mV GAIN ADJ. control (R360) for five centimeters of 
horizontal deflection. Repeat steps 13 and 14 until both 
adjustments ore correct. Disconnect the jumper wire. 



Connect the output ol the square-wove generotor through 
the 47-/i/*f copocitonce standordizer to the —INPUT con- 
nector. Set the —INPUT switch to the DC position and the 
f INPUT switch to the GND position. 

Set the SENSITIVITY control to the positions indicated in 
Table 6-2 and ad|ust the corresponding capacitors for the 
best square-wove response. 



TABLE 6-2 


SENSITIVITY 


ADJUST 


.2 VOLTS/CM 


C406 


.5 VOLTS/CM 


C405B, C405C 


5 VOLTS/ CM 


C404B, C404C 



Disconnect the 47-/t/af copocitonce stondordizer from 
the —INPUT connector. 



Horizontal Amplifier 

12. COARSE DC BAL. Set the HORIZONTAL DISPLAY 
switch to the HORIZ. AMPLIFIER position. Set the HORI- 
ZONTAL SENSITIVITY control to .2 VOLTS/CM ond the 
VARIABLE control to the CALIBRATED position. Set the 
DC BAL. control to midrange. Set both INPUT switches to 
the GND position. Center the spot horizontally on the crt 
with the HORIZONTAL POSITION control. Adjust the 
COARSE DC BAL. control (R346) so that the spot does not 
shift horizontally os the SENSITIVITY switch is rototed be- 
tween the .2 VOLTS/CM and the I mV/CM positions. 

13. .2V GAIN ADJ. This adjustment and the following 
step determine the goin of the Horizontal Amplifier and 
therefore the colibrotion of the SENSITIVITY switch. To od- 
just the 2V GAIN ADJ. (R378), set the front-panel con- 
Irols as follows: 



15. High-Frequency Compensation. To adjust the high- 
frequency compensation of the horizontol ottenuators, a 
vertical trace must be obtained by connecting the output 
of the Sweep Generator to the Vorticol Amplifier. To do 
this, connect the bottom of R144 to on internal source of 
— 100 volts ond connect pin 8 of V160 to the -fINPUT con- 
nector of the Vortical Amplifier. Frg. 6-3 illustrates how 
these connections can be mode. 




F 19 . 6*3. CQnn*<tiont for obtaining o vorticol troco on tho Typo 
503 OicilloBcopo. 
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Set the front panel controls as follows: 



SLOPE 


+ 


COUPLING 


AC 


SOURCE 


EXT. 


LEVEL 


AUTO. 


SWEEP TIME /CM 


1 mSEC 


VARIABLE 


CALIBRATED 


HORIZONTAL DISPLAY 


HORIZ. AMPLIFIER 


HORIZONTAL 


SENSITIVITY 


.2 VOLTS/ CM 


VARIABLE 


CALIBRATED 


-l-INPUT 


DC 


-INPUT 


GND 


VERTICAL 


SENSITIVITY 


10 VOLTS/CM 


VARIABLE 


CALIBRATED 


-hlNPUT 


DC 


-INPUT 


GND. 



Connect the output of the square-wave generator through 
the 47-^t/xf capacitance standardizer to the HORIZONTAL 
+ INPUT connector of the Type 503. Connect a synchroniz- 
ing output signal from the square-wave generator to the 



EXTERNAL TRIG. IN connector of the Type 503. Adjust 
the square-wave generator for an output frequency of 1 kc. 
Fig. 6-4 shows the Tektronix Type 105 Square-Wave Gen- 
erator connected for this step. 

Adjust the FOCUS, INTENSITY, and POSITION controls 
for a suitable display. The display should be similar to 
Fig. 6 - 5 . Set the SENSITIVITY control to the positions indi- 
cated in Table 6-3 and adjust the corresponding capacitors 
for the best square-wave response. Maintain about four 
centimeters of horizontal deflection by adjusting the output 
amplitude of the square-wave generator as you switch the 
SENSITIVITY control from one setting to the next. 



TABLE 6-3 


SENSITIVITY 


ADJUST 


.2 VOLTS/CM 


C306 


.5 VOLTS/CM 


C305B, C305C 


5 VOLTS/ CM 


C304B, C304C 



Connect the output of the square-wave generator through 
the 47-^^f capacitance standardizer to the — INPUT con- 
nector. Set the —INPUT switch to the DC position and the 
-|- INPUT switch to the GND position. Set the SENSITIVITY 
switch to the positions indicated in Table 6-4 and adjust 
the corresponding capacitors for the best square-wave re- 
sponse. 



TYPE 105 
SQUARE-WAVE 
GENERATOR 



TYPE 503 
OSCILLOSCOPE 

SYNCHRONIZING SIGNAL 
FOR STABLE DISPLAY 




Fig. 6 - 4 . Tektronix Type 105 Square-Wave Generator connected for high-frequency 
compensation of the Type 503 Oscilloscope Horizontal Amplifier. 
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Fig. 6-5. Triggered verticai sweep. 



TABLE 6-4 


SENSITIVITY 


ADJUST 


.2 VOLTS/CM 


C316 


.5 VOLTS/ CM 


C315B, C315C 


5 VOLTS/ CM 


C314B, C314C 



Disconnect the square-wave generator and the two jump- 
er wires from the Type 503 Oscilloscope. 

Sweep Generator 

Set the front panel controls as follows: 

SLOPE -f 

COUPLING AC 

SOURCE INT. 

LEVEL AUTO. 

SWEEP TIME/CM 1 mSEC 

VARIABLE* CALIBRATED 

HORIZONTAL DISPLAY SWEEP NORMAL (XI) 
VERTICAL 

-HNPUT DC 

-INPUT GND 

•Make sure the SWEEP TiME/CM VARiABLE control is in the CALI- 
BRATED position during all timing adjustments. 

16. SWP. CAL. Apply 1 -millisecond markers from the time- 
marker generator to the INPUT connector of the Vertical 
Amplifier. Set the FOCUS, INTENSITY, POSITION, and 
VERTICAL SENSITIVITY controls for best presentation. Ad- 
just the SWP. CAL. control (R322) for one marker per centi- 



meter. (Use the HORIZONTAL POSITION control to align 
the markers with the graticule lines.) All sweep timing 
measurements in this and following steps should be made 
between the 1 -centimeter and 9-centimeter graticule lines. 

17. SWP. LENGTH. With 1 -millisecond markers applied to 
the Vertical Amplifier, adjust the SWP. LENGTH control 
(R176) for a sweep length of 10.5 centimeters. 

18. SWP./MAG. REGISTER. Set the HORIZONTAL DIS- 
PLAY switch to the X50 position and adjust the HORIZON- 
TAL POSITION control to align the first marker with the 
center of the graticule. Then set the HORIZONTAL DIS- 
PLAY switch to the XI position and adjust the SWP./MAG. 
REGIS, control (R339) to again align the first marker with 
the center of the graticule. Repeat this step until the mark- 
er remains horizontally centered as the HORIZONTAL DIS- 
PLAY switch is changed from X50 to XI . 

19. Check Sweep Timing — 5 seconds/cm to .1 milli- 
second/cm. This step checks the accuracy of the sweep- 
timing components for sweep rates between 5 seconds per 
centimeter and .1 millisecond per centimeter. There are no 
adjustments to be made. Table 6-5 lists the time markers to 
be applied for the indicated settings of the SWEEP TIME/ 
CM switch and the number of markers per centimeter to 
be observed for each setting. When checking sweep rates 
between .1 SEC to 5 SEC, it will be necessary to adjust the 
LEVEL control for a stable display. 



TABLE 6-5 


SWEEP TIME/CM 


TIME MARKERS 


OBSERVE 


.1 mSEC 


1 00-^tsec 


1 marker/cm 


1 mSEC 


1-msec 


1 marker/cm 


2 mSEC 


1 -msec 


2 marker/cm 


5 mSEC 


5-msec 


1 marker/cm 


10 mSEC 


10-msec 


1 marker/cm 


.1 SEC 


1 00-msec 


1 marker/cm 


1 SEC 


1-sec 


1 marker/cm 


2 SEC 


1-sec 


2 marker/cm 


5 SEC 


5-sec 


1 marker/cm 



20. Adjust Sweep Timing — 10 microseconds/cm. Apply 
10-^tsec markers from the time-mark generator to the -|-IN- 
PUT connector. Set the SWEEP TIME/CM control to the 10 
juSEC position. Check to see that the SWEEP TIME/CM 
VARIABLE control is in the CALIBRATED position. Adjust the 
LEVEL control as required to obtain a stable display. Ad- 
just C160C for 1 marker per centimeter on the crt screen. 

21. Adjust Sweep Timing — 1 microsecond/cm. Apply 1- 
/iisec markers from the time-marker generator to the IN- 
PUT connector. Set the SWEEP TIME/CM control to 1 ^SEC 
position. Adjust the LEVEL, SENSITIVITY, and POSITION 
controls as required to obtain a stable display. Adjust 
C160A for 1 marker per centimeter on the crt screen. Dis- 
connect the time-marker generator and replace the side 
covers. 





Calibration — Typo 503 




C305B C306 C314B C316 C315B 1 mV SWP./MAG. .2 V 

GAIN ADJ. REGIS. GAIN ADJ. 

(HORIZ.) (HORIZ.) 




C415B C416 C414B 



Calibration — Typo 503 




CRT SOCKET CRT CLAMP CRT ALIGN- CAL. C41SC C414C C405C 

\ ' MENT KNOB ADJ. I I f 







D I AG RAIVI S 



Cer. 

Comp. 

EMC 

f 

G 

omv 

h 

K or k 
M/Cer. 
M 
f* 

-«/« 
m 



meg 



Ceromic 

ComposJtion . s 
®'9o;i or JO? 

Micromicro or IQ-'J i 

Or ?0-^ 



ABBREv/AHONS 



p 

PTB 

PMC 

Poly. 

Prec. 

rPT . 

T 



Vor. 
w 

Ww 

+ 

Porr reloZZtnn- 

‘ 000-000 Astoril. ' '"WW. ■ 

Number ind/r^f^^" P''«ceding Tehrr, ■ 

«°<^--/)S™p,ereoU 

to value for laJ""''''' 

fo motd,.^ and at,a,^e 



Nano Or IQ-’ 
ohm 

P'co Or 10''^ 

P°P«. "Batldub- 

Predsfon 
^°Per Tubular 
'erro or JQ'2 

Si^f °c 

Wan 

'Wi'-e-wound 



IVIAISIURACTUI=IEI=IS OR CATHODE- RAY OSCI LLOSCO RES 




HOW TO ORDER PARTS 



Replacement parts may be purchased at current net 
prices from your local Tektronix Field Office or from 
the factory. Most of the parts can be obtained locally. 
All of the structural parts, and those parts noted in 
the parts list “Manufactured by Tektronix”, should be 
ordered from Tektronix. 

When ordering from Tektronix include a complete 
description of the part, and its 6-digit part number. 
Give the type, serial number, and modification number 
(if any) of the instrument for which it is ordered. 

Structural parts are not listed in the parts list. Their 
part numbers are usually stamped directly on the metal. 
If not, a complete physical description of the part will 
suffice. 

If the part which you have ordered has been re- 
placed by a new or improved part, the new part will 
be shipped instead. Tektronix Field Engineers are in- 
formed of such changes. Where necessary replacement 
information comes with new parts. 




TYPE 503 



*000-000 asterisk proceeding Tektronix Part Number indicates manufactured 
by or for Tektronix, also reworked or checke'd comporients. 



Bulbs 







Tektronix 






Part Number 


BT67 


Neon, Type NE-2 


150-002 


B601 


incandescent, #47 


150-001 


B602 


Incandescent, #47 


150-001 


B883 


Neon, Type NE-2 


150-002 


B886 


Neon, Type NE-2 


150-002 





Fuses 




F601 


1.25 amp 3 AG Slo Bio 


159-041 









Capacitors 








CIO 




.005 /if 


Cer. 


Fixed 


500 V 




283-001 


Cl 5 




.001 /if 


Cer. 


Fixed 


500 V 




283-000 


C20 




.001 /if 


Cer. 


Fixed 


500 V 




283-000 


C31 




.01 /if 


Cer. 


Fixed 


500 V 




283-002 


C37 




22 [i[if 


Cer. 


Fixed 


500 V 




281-510 


C43 




47 fifd 


Cer. 


Fixed 


500 V 




281-518 


C131 




22 [i[if 


Cer. 


Fixed 


500 V 




281-511 


Cl 41 




4.7 /i/if 


Cer. 


Fixed 


500 V 




281-501 


C160A 




3-1 2 [i[if 


Cer. 


Var. 






281-007 


C160B 


101-809 


82 [ifii 


Cer. 


Fixed 


500 V 




281-528 


C160B 


810-up 


82 fifii 


Cer. 


Fixed 






281-574 


C160C 




4.5-25 [i[if 


Cer. 


Var. 






281-010 








Timing Series 










Either of the following combinations may 


be used. The 


tolerance of C160D must match 






that of C160E, 


F, 8.G. 












C160D 




.001 /if 


Mylar 


Fixed 




+ Y4% 


*291-008A 


C160E 




.01 [if 


Mylar 


Fixed 


) 






C160F 




.1 [if 


Mylar 


Fixed 


> 


+ 74% 


*291-029A 


C160G 




1 [if 


Mylar 


Fixed 
















OR 








C160D 




.001 [if 


Mylar 


Fixed 




-74% 


*291-0088 


C160E 




.01 [if 


Mylar 


Fixed 


} 






C160F 




.1 [if 


Mylar 


Fixed 




-74% 


*291-0296 


C160G 




1 [if 


Mylar 


Fixed 


) 






Cl 67 




.001 [if 


Cer. 


Fixed 


500 V 




283-000 


Cl 81 


400-up 


1 5 [i[if 


Cer. 


Fixed 


500 V 


±1.5 [i[if 


281-509 


C300t 




.022 [if 


PTM 


Fixed 


600 V 


Selected 


*295-063 


C304B 




7-45 [i[if 


Cer. 


Var. 






281-012 


C304C 




f.5-7[i[if 


Cer. 


Var. 






281-005 


C304E 




1 98 [i[if 


Cer. 


Fixed 


500 V 


10% 


281-560 


C305B 




7-45 [i[if 


Cer. 


Var. 






281-012 


C305C 




1.5-7 [i[if 


Cer. 


Var. 






281-005 


C306 




3-1 2 [i[if 


Cer. 


Var. 






281-007 


C308L 


101-559X 


470 [i[if 


Cer. 


Fixed 


500 V 




281-525 


C308N 


101-559X 


1 800 [i[if 


Cer. 


Fixed 


500 V 


10% 


281-561 
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Capacitors (continued) 



C310t 




.022 /if 




Fixed 


600 V 


Selected 


C314B 




7-45 /i/if 


Car. 


Var. 






C314C 




1 .5-7 /i/if 


Cer. 


Var. 






C314E 




1 98 /i/if 


Cer. 


Fixed 


500 V 


10% 


C315B 




7-45 /i/if 


Cer. 


Var. 






C315C 




1.5-7 /i/if 


Cer. 


Var. 






C316 




3-12 /i/if 


Cer. 


Var. 






C330 




.005 /if 


Cer. 


Fixed 


500 V 




C336 




.005 /i/if 


Cer. 


Fixed 


500 V 




C340 




.005 /i/if 


Cer. 


Fixed 


500 V 




C346 




.005 /i/if 


Cer. 


Fixed 


500 V 




C350 




47 /i/if 


Cer. 


Fixed 


500 V 




C353 




.1 /if 


Cer. 


Fixed 


lOOv 




C356 


101-559 


2.2 /i/if 


Cer. 


Fixed 


500 V 




C356 


560- up 


1.5-7 /i/if 


Cer. 


Var. 






C357 


18 /i/if 


Cer. 


Fixed 


500 V 




C360 




47 /i/if 


Cer. 


Fixed 


500 V 




C366 




2.2 /i/if 


Cer. 


Fixed 


500 V 




C367 




18 /i/if 


Cer. 


Fixed 


500 V 




C390 




1 /i/if 


Cer. 


Fixed 


500 V 




C400t 




.022 /if 


PTM 


Fixed 


600 V 


Selected 


C404B 




7-45 /i/if 


Cer. 


Var. 






C404C 




1 .5-7 /i/if 


Cer. 


Var. 






C404E 




1 98 /i/if 


Cer. 


Fixed 


500 V 


10% 


C405B 




7-45 /i/if 


Cer. 


Var. 






C405C 




1 .5-7 /i/if 


Cer. 


Var. 






C406 




4.5-25 /i/if 


Cer. 


Var. 






C408L 


101-559X 


470 /i/if 


Cer. 


Fixed 


500 V 




C408N 


101-559X 


1 8(K) /i/if 


Cer. 


Fixed 


500 V 


10% 


C410t 




.022 /if 


PTM 


Fixed 


600 V 


Selected 


C414B 




7-45 /i/if 


Cer. 


Var. 






C414C 




1 .5-7 /i/if 


Cer. 


Var. 






C414E 




198 /i/if 


Cer. 


Fixed 


500 V 


10% 


C415B 




7-45 /i/if 


Cer. 


Var. 






C415C 




1 .5-7 /i/if 


Cer. 


Var. 






C416 




4.5-25 /i/if 


Cer. 


Var. 






C419 


X560-UP 


1.5-7 /i/if 


Cer. 


Var. 






C430 




.005 /if 


Cer. 


Fixed 


500 V 




C436 




.005 /if 


Cer. 


Fixed 


500 V 




C440 




.005 /if 


Cer. 


Fixed 


500 V 




C446 




.005 /if 


Cer. 


Fixed 


500 V 




C450 




47 /i/if 


Cer. 


Fixed 


500 V 




C453 




.1 /if 


Cer. 


Fixed 


100 V 




C456 


101-559 


2.2 /i/if 


Cer. 


Fixed 


500 V 




C456 


560-up 


1.5-7 /i/if 


Cer. 


Var. 






C457 




18 /i/if 


Cer. 


Fixed 


500 V 




C460 




47 /i/if 


Cer. 


Fixed 


500 V 




C466 




2.2 /i/if 


Cer. 


Fixed 


500 V 




C467 




18 /i/if 


Cer. 


Fixed 


500 V 




C605 


101-311 


.01 /if 


Cer. 


Fixed 


500 V 




C605 


312-up 


.05 /if 


Cer. 


Fixed 


50 V 




C611 


125 /if 


EMC 


Fixed 


350 V 




C612 




1 25 /if 


EMC 


Fixed 


350 V 




C620 




.01 /if 




Fixed 


600 V 


5% 



t Note: C300 & C310 selected ±5% each other, furnished as a unit. 
C400 & C410 selected ±5% each other, furnished as a unit. 
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Tektronix 
Part Number 

*295-0(53 

281-012 

281-005 

281-560 

281-012 

281-005 

281-007 

283-001 

283-001 

283-001 

283-001 

281-518 

283-012 

281-500 

281-029 

281-542 

281-518 

281-500 

281-542 

281-538 

*295-063 

281-012 

281-005 

281-560 

281-012 

281-005 

281-010 

281-525 

281-561 

*295-063 

281-012 

281-005 

281-560 

281-012 

281-005 

281-010 

281-005 

283-001 

283-001 

283-001 

283-001 

281-518 

283-012 

281-500 

281-029 

281-542 

281-518 

281-500 

281-542 

283-002 

283-010 

*290-052 

*290-044 

285-580 



© 
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Capacitors (continued) 

Tektronix 
Part Number 



C621 


.005 


Cer. 


Fixed 


500 V 


283-001 


C628 


.001 ,x.f 


Cer. 


Fixed 


500 V 


283-000 


C630 


.001 


Cer. 


Fixed 


500 V 


283-000 


C642 


.005 


Cer. 


Fixed 


500 V 


283-001 


C646 


.01 /x,f 


Cer. 


Fixed 


500 V 


283-002 


C652A 


10 /if 


EMC 


Fixed 


350 v) 




C652B 


50 /if 


EMC 


Fixed 


150v[ 


♦290-127 


C652C 


100 /if 


EMC 


Fixed 


50 v) 




C654A 


10 /if 


EMC 


Fixed 


350 v) 




C654B 


50 /if 


EMC 


Fixed 


150vV 


♦290-127 


C654C 


100 /if 


EMC 


Fixed 


50 




C682 


2x10/if 


EMC 


Fixxed 


250 V 


♦290-128 


C684 


2x40 /if 


EMC 


Fixed 


150v 


♦290-039 


C692A,B 


.005 /if 


Cer. 


Fixed 


5000 V 


283-034 


C851A,B 


.005 /if 


Cer. 


Fixed 


5000 V 


283-034 


C854 


.001 /if 


PTM 


Fixed 


6000 V 


283-033 


C858 


.005 /if 


Cer. 


Fixed 


500 V 


283-001 


C883 


.0022 /if 


PTM 


Fixed 


400 V 


285-543 



Inductors 



L319 


101-559 


3.9 mh 


Fixed 


♦108-204 


L319 


560-up 


4.7 mh 


Fixed 


108-165 


L373 


101-869 


3.9 mh 


Fixed 


♦108-204 


L373 


870-up 


3.9 mh 


Fixed 


108-224 


L383 


101-869 


3.9 mh 


Fixed 


♦108-204 


L383 


870-up 


3.9 mh 


Fixed 


108-224 


L419 


101-559 


3.9 mh 


Fixed 


♦108-204 


L419 


560- up 


4.7 mh 


Fixed 


108-165 


L473 


101-869 


3.9 mh 


Fixed 


♦108-204 


L473 


870-up 


3.9 mh 


Fixed 


108-224 


L483 


101-869 


3.9 mh 


Fixed 


♦108-204 


L483 


870-up 


3.9 mh 


Fixed 


108-224 


L654 




1 mh 


Fixed 


♦108-207 


L664 




1 mh 


Fixed 


♦108-207 


L672 




1 mh 


Fixed 


♦108-205 


L684 




1 mh 


Fixed 


♦108-207 



Resistors 



R14 




1 meg 


'A w 


Fixed 


Comp. 


10% 


302-105 


R15 




470 k 


Vj w 


Fixed 


Comp. 


10% 


302-474 


R17 




1 meg 




Var. 


Comp. 


30% 


311-184 


R19 




2.2 meg 


Vj w 


Fixed 


Comp. 


10% 


302-225 


R20 




270 k 


1/2 w 


Fixed 


Comp. 


10% 


302-274 


R22 




470 a 


V2 w 


Fixed 


Comp. 


10% 


302-471 


R23 




470 a 


V2 w 


Fixed 


Comp. 


10% 


302-471 


R25 




27 k 


'/2 w 


Fixed 


Comp. 


10% 


302-273 


R26 




100 k 


V2 w 


Fixed 


Comp. 


10% 


302-104 


R28 




33 k 


1 w 


Fixed 


Comp. 


10% 


304-333 


R34 




680 a 


1/2 w 


Fixed 


Comp. 


10% 


302-681 


R35 




2.7 k 


V2 w 


Fixed 


Comp. 


10% 


302-272 


R36 


X870-UP 


470 a 


V2 w 


Fixed 


Comp. 


10% 


302-471 


R37 


370 k 


Va w 


Fixed 


Prec. 


1% 


309-055 


R38 




500 k 


V 2 w 


Fixed 


Prec. 


1% 


309-003 


R40 




2.7 meg 


’A w 


Fixed 


Comp. 


10% 


302-275 


® 
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Resistors (continued) 

Tektronix 
Part Number 



R43 




4.7 k 


’Aw 


Fixed 


Comp. 


10% 


302-472 


R44 




10k 


’Aw 


Fixed 


Comp. 


10% 


302-103 


R46 




22 k 


1 w 


Rxed 


Comp. 


10% 


304-223 


Rin 




15k 




Var. 


Comp. 


20% 


311-112 


R112 


101-269 


27 k 


’Aw 


Fixed 


Comp. 


10% 


302-273 


R112 


270-up 


27 k 


’Aw 


Fixed 


Comp. 


5% 


301-273 


R113 


101-269 


56 k 


’Aw 


Fixed 


Comp. 


10% 


302-563 


R113 


270-up 


51 k 


’Aw 


Fixed 


Comp. 


5% 


301-513 


R134 




82 k 


’Aw 


Fixed 


Free. 


1% 


309-043 


R135 




180k 


’Aw 


Fixed 


Comp. 


5% 


301-184 


R137 




100 n 


’Aw 


Fixed 


Comp. 


10% 


302-101 


R141 




look 


’Aw 


Fixed 


Free. 


1% 


309-045 


R143 




25.6 k 


’Aw 


Fixed 


Free. 


1% 


309-136 


R144 




20 k 


’Aw 


Fixed 


Free. 


1% 


309-153 


R146 




100 n 


’Aw 


Fixed 


Comp. 


10% 


302-101 


R1 47 




1.5 k 


’A w 


Fixed 


Comp. 


10% 


302-152 


R160A 




1 meg 


’Aw 


Fixed 


Free. 


1% 


309-014 


R160B 




2 meg 


’A w 


Fixed 


Free. 


1% 


309-023 


R160C 




5 meg 


’A w 


Fixed 


Free. 


1% 


309-087 


R160D 




10 meg 


’A w 


Fixed 


Free. 


1% 


309-095 


R160E 




10 meg 


’A w 


Fixed 


Free. 


1% 


309-095 


R160F 




30 meg 


2 w 


Fixed 


Free. 


1% 


310-505 


R160X 




82 k 


’A w 


Fixed 


Comp. 


10% 


302-823 


R160Y 




200 k 




Var. 


Comp. 


20% 


311-182 


R1 64 




150 k 


1 w 


Fixed 


Comp. 


10% 


304-154 


R1 67 




1 meg 


’A w 


Fixed 


Comp. 


10% 


302-105 


R168 




100k 


’Aw 


Fixed 


Comp. 


10% 


302-104 


R171 




100 n 


’A w 


Fixed 


Comp. 


10% 


302-101 


R1 74 




27 k 


1 w 


Fixed 


Comp. 


10% 


304-273 


R1 76 




5k 




Var. 


Comp. 


30% 


311-195 


R178 




8.2 k 


’Aw 


Fixed 


Comp. 


10% 


302-822 


R181 




4.7 meg 


’A w 


Fixed 


Comp. 


lO’A 


302-475 


R304C 




990 k 


'Aw 


Fixed 


Free. 


1% 


309-145 


R304E 




10.1 k 


’Aw 


Fixed 


Free. 


1% 


318-009 


R305C 




900 k 


’A w 


Fixed 


Free. 


1% 


309-142 


R305E 




111 k 


’Aw 


Fixed 


Free. 


1% 


318-006 


R306 




1 meg 


’Aw 


Fixed 


Free. 


1% 


309-014 


R308A 




10k 


’A w 


Fixed 


Free. 


1% 


309-100 


R308C 




3.33 k 


’A w 


Fixed 


Free. 


1% 


309-283 


R308E 




1.11 k 


’A w 


Fixed 


Free. 


1% 


309-284 


R308G 




526 Q 


’A w 


Fixed 


Free. 


1% 


309-285 


R308J 




256 Cl 


'A w 


Fixed 


Free. 


1% 


309-286 


R308L 




101 Cl 


’A w 


Fixed 


Free. 


1% 


309-287 


R308N 


101-869 


50 Cl 


’Aw 


Fixed 


Free. 


1% 


309-128 


R308N 


870-up 


50.9 a 


’A w 


Fixed 


Free. 


1% 


309-216 


R314C 


990 k 


’Aw 


Fixed 


Free. 


1% 


309-145 


R314E 




10.1 k 


’A w 


Fixed 


Free. 


1% 


318-009 


R315C 




900 k 


’A w 


Fixed 


Free. 


1% 


309-142 


R315E 




111 k 


’A w 


Fixed 


Free. 


1% 


318-006 


R316 




1 meg 


’A w 


Fixed 


Free. 


1% 


309-014 


R318A 




10k 


’Aw 


Fixed 


Free. 


1% 


309-100 


R318C 




2.5 k 


’Aw 


Fixed 


Free. 


1% 


309-181 


R318E 




1.11 k 


’A w 


Fixed 


Free. 


1% 


309-284 
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Resistors (continued) 

Tektronix 
Part Number 



R318G 




526 Q 


’Aw 


Fixed 


Free. 


1% 


309-285 


R318J 




204 Q 


’A w 


Fixed 


Free. 


1% 


309-237 


R319 




21.5 k 


’A w 


Fixed 


Free. 


1% 


309-290 


R320 




193 k 


’Aw 


Fixed 


Free. 


1% 


309-243 


R321 




3.92 k 


’A w 


Fixed 


Free. 


1% 


309-270 


R322 




500 a 




Var. 


Comp. 


30% 


311-185 


R326 




4.7 meg 


'A w 


Fixed 


Comp. 


10% 


302-475 


R327 




180k 


’A w 


Fixed 


Comp. 


10% 


302-184 


R330 




100k 


’A W 


Fixed 


Comp. 


10% 


302-104 


R331 




470 n 


’A w 


Fixed 


Comp. 


10% 


302-471 


R334 




50 k 


’A w 


Fixed 


Free. 


1% 


309-090 


R336 




250 a 




Var. 


Comp. 


20% 


311-181 


R337 




68 a 


’A w 


Fixed 


Comp. 


10% . 


302-680 


R338 




38.3 


1 w 


Fixed 


Free. 


1% 


310-074 


R339 




1 k 




Var. 


Comp. 


20% 


311-192 


R340 




100k 


’A w 


Fixed 


Comp. 


10% 


302-104 


R341 




470 a 


’Aw 


Fixed 


Comp. 


10% 


302-471 


R344 




50 k 


’A w 


Fixed 


Free. 


1% 


309-090 


R346 




250 a 




Var. 


Comp. 


20% 


311-194 


R347 




68 a 


’A w 


Fixed 


Comp. 


10% 


302-680 


R348 




38.3 


1 w 


Fixed 


Free. 


1% 


310-074 


R350 




1.5 k 


’A w 


Fixed 


Comp. 


10% 


302-152 


R352 




8.2 k 


1 w 


Fixed 


Comp. 


5% 


303-822 


R353 




10k 


’Aw 


Fixed 


Comp. 


5% 


301-103 


R356 




390 k 


’A w 


Fixed 


Comp. 


10% 


316-394 


R357 




12.5 k 


’A w 


Fixed 


Free. 


1% 


309-228 


R358 




1 meg 


’A w 


Fixed 


Comp. 


10% 


302-105 


R360 




20 k 




Var. 


Comp. 


30% 


311-187 


R366 




390 k 


’A w 


Fixed 


Comp. 


10% 


316-394 


R367 




12.5 k 


’A w 


Fixed 


Free. 


1% 


309-228 


R368 




1 meg 


’A w 


Fixed 


Comp. 


10% 


302-105 


R370 




2x20k 




Var. 


Comp. 


20% 


311-190 


R371 




looa 


’A w 


Fixed 


Comp. 


10% 


302-101 


R373 




30 k 


8 w 


Fixed 


WW 


5% 


308-105 


R376 




15k 


5 w 


Fixed 


WW 


5% 


308-108 


R377 




12k 


2 w 


Fixed 


Comp. 


10% 


306-123 


R378 


101-809 


2k 




Var. 


Comp. 


30% 


311-186 


R378 


810-up 


750 a 






Comp. 




311-232 


R379 


X810-UP 


402 a 


’A w 


Fixed 


Free. 


1% 


309-102 


R381 


100 a 


’Aw 


Fixed 


Comp. 


10% 


302-101 


R383 




30 k 


8 w 


Fixed 


WW 


5% 


308-105 


R386 




15k 


5 w 


Fixed 


WW 


5% 


308-108 


R387 




12k 


2 w 


Fixed 


Comp. 


10% 


306-123 


R388 




2k 




Var. 


Comp. 


20% 


311-189 


R404C 




990 k 


’A w 


Fixed 


Free. 


1% 


309-145 


R404E 




10.1 k 


’A w 


Fixed 


Free. 


1% 


318-009 


R405C 




900 k 


’A w 


Fixed 


Free. 


1% 


309-142 


R405E 




111 k 


’A w 


Fixed 


Free. 


1% 


318-006 


R406 




1 meg 


’A w 


Fixed 


Free. 


1% 


309-014 


R408A 




10k 


’A w 


Fixed 


Free. 


1% 


309-100 


R408C 




3.33 k 


’A w 


Fixed 


Free. 


1% 


309-283 


R408E 




1.11 k 


’A w 


Fixed 


Free. 


1% 


309-284 
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Resistors (continued) 

Tektronix 
Part Number 



R408G 




526 Q 


72 w 


Fixed 


Free. 


1% 


309-285 


R408J 




256 a 


Va w 


Fixed 


Free. 


1% 


309-286 


R408L 




101 a 


Vj w 


Fixed 


Free. 


1% 


309-287 


R408N 


101-869 


50 a 


72 w 


Fixed 


Free. 


1% 


309-128 


R408N 


870-up 


50.9 Q 


72 w 


Fixed 


Free. 


1% 


309-216 


R414C 




990 k 


7a w 


Fixed 


Free. 


1% 


309-145 


R414E 




10.1 k 


7a w 


Fixed 


Free. 


1% 


318-009 


R415C 




900 k 


7a w 


Fixed 


Free. 


1% 


309-142 


R415E 




111 k 


7a w 


Fixed 


Free. 


1% 


318-006 


R416 




1 meg 


7a w 


Fixed 


Free. 


1% 


309-014 


R419 




21.5 k 


7a w 


Fixed 


Free. 


1% 


309-290 


R430 




100 k 


7a w 


Fixed 


Comp. 


10% 


302-104 


R431 




470 a 


7a w 


Fixed 


Comp. 


10% 


302-471 


R434 




50 k 


7a w 


Fixed 


Free. 


1% 


309-090 


R436 




250 n 




Var. 


Comp. 


20% 


311-194 


R437 




68 a 


7a w 


Fixed 


Comp. 


10% 


302-680 


R438 




38.3 k 


1 w 


Fix.ed 


Free. 


1% 


310-074 


R440 




100k 


7a w 


Fixed 


Comp. 


10% 


302-104 


R441 




470 a 


7a w 


Fixed 


Comp. 


10% 


302-471 


R444 




50 k 


7a w 


Fixed 


Free. 


1% 


309-090 


R446 




250 a 




Var. 


Comp. 


20% 


311-181 


R447 




68 a 


7a w 


Fixed 


Comp. 


10% 


302-680 


R448 




38.3 k 


1 w 


Fixed 


Free. 


1% 


310-074 


R450 




1.5 k 


7a w 


Fixed 


Comp. 


10% 


302-152 


R452 




8.2 k 


1 w 


Fixed 


Comp. 


5% 


303-822 


R453 




10k 


7a w 


Fixed 


Comp. 


5% 


301-103 


R456 




390 k 


74 w 


Fixed 


Comp. 


10% 


316-394 


R457 




12.5 k 


7a w 


Fixed 


Free. 


1% 


309-228 


R458 




1 meg 


7a w 


Fixed 


Comp. 


10% 


302-105 


R460 




20 k 




Var. 


Comp. 


30% 


311-187 


R466 




390 k 


74 w 


Fixed 


Comp. 


10% 


316-394 


R467 




12.5 k 


7a w 


Fixed 


Free. 


1% 


309-228 


R468 




1 meg 


7a w 


Fixed 


Comp. 


10% 


302-105 


R470 




2x20k 




Var. 


Comp. 


20% 


311-190 


R471 




100 a 


7a w 


Fixed 


Comp. 


10% 


302-101 


R473 




30 k 


8 w 


Fixed 


WW 


5% 


308-105 


R476 




15k 


5 w 


Fixed 


WW 


5% 


308-108 


R477 




12k 


2 w 


Fixed 


Comp. 


10% 


306-123 


R478 


101-809 


2k 




Var. 


Comp. 


30% 


311-186 


R478 


810-up 


750 a 




Var. 


Comp. 




311-232 


R479 


X810-UP 


402 a 


7a w 


Fixed 


Free. 


1% 


309-102 


R481 




looa 


7a w 


Fixed 


Comp. 


10% 


302-101 


R483 




30 k 


8 w 


Fixed 


WW 


5% 


308-105 


R486 




15k 


5 w 


Fixed 


WW 


5% 


308-108 


R487 




12k 


2 w 


Fixed 


Comp. 


10% 


306-123 


R488 




2k 




Var. 


Comp. 


20% 


311-189 


R490 




470 k 


7a w 


Fixed 


Comp. 


10% 


302-474 


R491 




47 k 


7a w 


Fixed 


Comp. 


10% 


302-473 


R492 




330 k 


7a w 


Fixed 


Comp. 


10% 


302-334 


R601 




50 a 




Var. 


WW 




311-057 


R605 




47 k 


7a w 


Fixed 


Comp. 


10% 


302-473 


R611 




150 k 


1 w 


Fixed 


Comp. 


10% 


304-154 


R612 




150 k 


1 w 


Fixed 


Comp. 


10% 


304-154 
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Resistors (continued) 

Tektronix 
Part Number 



R621 




100 k 


Yi w 


Fixed 


Comp. 


10% 


302-104 


R623 




4.7 k 


Vi w 


Fixed 


Comp. 


10% 


302-472 


R626 




40k 


8 w 


Fixed 


WW 


5% 


308-168 


R628 




470 a 


Va w 


Fixed 


Comp. 


10% 


302-471 


R630 




680 k 


Va w 


Fixed 


Comp. 


10% 


302-684 


R631 




2.2 meg 


'/a w 


Fixed 


Comp. 


10% 


302-225 


R632 




100 a 


Ya w 


Fixed 


Comp. 


10% 


302-101 


R634 




33 k 


Va w 


Fixed 


Comp. 


10% 


302-333 


R635 




56 k 


Va w 


Fixed 


Comp. 


10% 


302-563 


R637 




470 k 


Va w 


Fixed 


Comp. 


10% 


302-474 


R640 




154 k 


Va w 


Fixed 


Free. 


1% 


309-234 


R641 




20 k 




Var. 


Comp. 


30% 


311-187 


R642 




174 k 


Va w 


Fixed 


Free. 


1% 


309-151 


R644 




470 k 


Va w 


Fixed 


Comp. 


10% 


302-474 


R646 




15k 


Va w 


Fixed 


Comp. 


10% 


302-153 


R659 




100k 


Va w 


Fixed 


Comp. 


10% 


302-104 


R692 




4.3 a 


Va w 


Fixed 


Comp. 


5% 


307-056 


R840 




820 k 


1 w 


Fixed 


Comp. 


10% 


304-824 


R841 




820 k 


1 w 


Fixed 


Comp. 


10% 


304-824 


R842 




820 k 


1 w 


Fixed 


Comp. 


10% 


304-824 


R844 




1 meg 




Var. 


Comp. 




311-041 


R845 




470 k 


Va w 


Fixed 


Comp. 


10% 


302-474 


R847 




500 k 




Var. 


Comp. 


20% 


311-188 


R849 




47 k 


Va w 


Fixed 


Comp. 


10% 


302-473 


R851 




1 .5 meg 


Ya w 


Fixed 


Comp. 


10% 


302-155 


R852 




2.2 meg 


Va W 


Fixed 


Comp. 


10% 


302-225 


R854 




100 k 


Va w 


Fixed 


Comp. 


10% 


302-104 


R857 




22 k 


Va w 


Fixed 


Comp. 


10% 


302-223 


R858 




100 k 


Va w 


Fixed 


Comp. 


10% 


302-104 


R860 




220 k 


Va w 


Fixed 


Comp. 


10% 


302-224 


R862 




150 k 


Va w 


Fixed 


Comp. 


10% 


302-154 


R864 


101-269 


500 k 




Var. 


Comp. 


20% 


311-183 


R864 


270-up 


500 k 




Var. 


Comp. 


20% 


311-193 


R880 




500 k 




Var. 


Comp. 


20% 


311-193 


R881 




1.75 meg 


Va w 


Fixed 


Free. 


1% 


309-019 


R883 




2.2 meg 


Va w 


Fixed 


Comp. 


10% 


302-225 


R886 




4.95 k 


Va w 


Fixed 


Free. 


1% 


309-239 


R887 


101-869 


50 a 


Va w 


Fixed 


Free. 


1% 


309-128 


R887 


870-up 


49.5 a 


Va w 


Fixed 


Free. 


1% 


309-215 



Switches 



SW5 


single pole triple throw slide SOURCE 


Wired Unwired 
*260-251 


SWIO 


single pole double throw slide COUFLING 


*260-145 


SW17 


2 seetion 1 1 position rotary TRIG MODE 


*262-325 *260-322 


SW20 


double pole double throw slide SLOFE 


*260-212 


SW160 


6 seetion 21 position rotary TIME/CM 


*262-322 *260-320 


SW300 


single pole triple throw slide AC/DC -f INFUT 


*260-316 


SW304 


6 seetion 14 position rotary HORIZ. SENS. 


*262-323 *260-319 


SW310 


single pole triple throw slide AC/DC — INFUT 


*260-316 


SW318 


6 seetion 7 position rotary HORIZ. DISFLAY 


*262-324 *260-321 


SW400 


single pole triple throw slide AC/DC — INFUT 


*260-316 
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Switches (continued) 

Tektronix 
Part Number 



SW404 


6 section 


14 position 


rotary VERT. SENS. 


Wired Unwired 
*262-326 *260-318 


SW410 


single pole 


triple throw 


slide AC/DC + INPUT 


*260-316 







Transformers 




T601 


Power 




*120-170 


T620 


High Voltage 




*120-169 



Diodes 



D44 


Germanium, 20 Mil IV fwd, 30 MA 10 V reverse 1 /xsec recovery 


152-008 


D611 


Silicon, 600V PIV 500 MA 


152-012 


D612 


Silicon, 600V PIV 500 MA 


152-012 


D652 


Silicon, 600V PIV 500 MA 


152-012 


D662 


Silicon, 400V PIV 500 AM 


152-011 


D672 


Silicon, 400V PIV 500 MA 


152-011 


D682 


Silicon, 400V PIV 500 MA 


152-011 





Transistors* 




Q354 


3687/2N1637/2N1631 


151-045 


Q364 


3687/2N1637/2N1631 


151-045 


Q454 


3687/2N1637/2N1631 


151-045 


Q464 


3687/2N1637/2N1631 


151-045 





Electron Tubes 




V24 


6DJ8 


154-187 


V45 


6DJ8 


154-187 


VI 35 


6DJ8 


154-187 


VI 45 


6DJ8 


154-187 


VI 52 


6BC7 


154-232 


VI 60 


6BL8/ECF80 


154-278 


V334 


6DJ8 


154-187 


V374 


6CB6 


154-030 


V384 


6CB6 


154-030 


V434 


6DJ8 


154-187 


V474 


6CB6 


154-030 


V484 


6CB6 


154-030 


V620 


6DQ6 


154-277 


V634 


6BL8/ECF80 


154-278 


V659 


5651 


154-052 


V692 


5642 


154-051 


V859 


T503 CRT P2 standard phosphor 


*154-265 



*Checked part selected for low noise. 2N544 transistors may have the manufacurer's part no., 3687, on the case. 
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I NT. 



SOUB.CE 

SW5 




TYPE B03 OSCILLOSCOPE 













2 . - & - 60 



A 



&L0CK. D1AG,R.AM 



Tfc)e»QE.B PULSE FROM 




TYPE B03 



L 



SWEEP- GjATING, DISCO 

MULTI VI &R. ATOP Did 



UNE.LANICING, pULSE 
TO CpT 






+ 206 
+ 57 



+ 250V 




V/S2 

'/ 36 B<. 



SWEEP 




HOPlZ. AMP, O 



SW 31© 



HOpIZOKJTAL 

DISPLAY 



- lOOV 



1 1 

4F4,P IF^K. 




\. CLOSED ONLY IN 

FR-EE R.UN POSITION 



LLO SCOPE 



c 




+ 



DISCONNECT 

DIODES 



MILLER RUNUP 
Cl BCUIT 



UN&LANICING, pULSE 
TO CRT 



+2.50V 




C. 



GiENERATOR. 

5-24-60 



SWEEP 



TR.1<SQER. 

INPUT amplifier 




B, 



TVpE 503 OSCILLOSCOPE 









I 



O 



SW5I8 



r 



I I 
5P. 4F 



3F 



I 



2.F 



HORIZONTAL 

DlSpLAV 



“I 

IF?.P- 



- r - 

F^P- 



I 

6R 



SAWTOOTH 
FROM R.3ZO 



\ 



, TO RI44 ^ 
(SWP. OlAGj.) 



TO R 336 
I DC 5Al7| 



TO R 3 Sfe 
COARSE 
DC fcAL. 







-lOOV 



TO < 5 RID 
OF INPUT AMP. 
THRU R 540 
AND R 34 I 



TO CqRID 
OF INPUT AMP. 
THRU R330 
AND r33I 



TO CATHODES 
OF OUTPUT AMP. 
THRU R37fe ^ R38€> 
A 



Y 

TO HORIZ. 

I POSITION I 



TO R38© 

I VARIA&LE 1 

(volts/cm) 



SWEEP 

NORMAL 

(X 0 



SWEEP 

MAGNIFIED 



HORIZ. 

AMPLIFIER 



THODE COUPUNQ RESISTORS 



-I 



4E 



C 

r 






G| ^ » 

6- S - so 



B 



HORIZONTAL DISPLAY SWITCH 

HORIZONTAL AMPLIFIER ATTENUATOR SWITCH 



+ IOOV 




R.3AO P.341 
lOOK 470 



COABSE 
DC 5AL,- 



V334& 



TYPE 50S OSCILLOSCOPE 



SEEAISC 





TO R436 

coar.se 

DC &AL. 




VEP-TICAL AMPLIFIER. ATTENUATOR. SWITCH 



INPUT 

AMPLIFIER. 



DRIVERS 



OUTPUT 

AMPLIFIER 



+ 



+ 250V 




503 



VtRT. AMR 





TYPE 503 OSCIL 



CP-T CipOUlT 





C346 



R318E 



R318J 



R318G 



HORIZONTAL DISPLAY SWITCH 



R318A 



HORIZONTAL DISPLAY SWITCH 



A 



Right Side View 



Type 503 






HORIZONTAL SENSITIVITY SWITCH 




Left Side View Type 503 






R160C 



TIMING SWITCH 

A Left Side View Type 503 




C160B 



TIMING SWITCH 



Right Side View 



Type 503 






VERTICAL SENSITIVITY SWITCH 




R405E 





TYPE 503/504 — 903/904 
CRT Circuit 



MOD. 3372 - 503 

3373 - 903 

3374 - m 

3375 - 904 



DESCRIPTION OF CHANGE: 

Lower ftxed unblMiking plate vtdtage from 224 v to 204 v by changing R857 from a 22K, 1/2W 
10% resistor (302-223) to a 39 K, 1/2W, 10% resistor 302-393. 





TYPE 503 
Mod. 3582 S/N 1440 
TYPE RM503 
Mod. 3584 S/N 660 



Discap 1400 v 283-022 



T60I 




PART. DIAS. pwp.SpLY. 




Mod. 3362 Type 503 Tentative s/n 1210 
Mod. 3364 Type RM503 Tcaitatlve s/n 520 

omp. 22 0 1/2 w 10% 

lec. 10 Ilf 15VDC 



302-220 

290-106 




Type 503 Power Supply 






C308A Ceramic 

C308C Ceramic 

C-toSA Ceramic 

C408C Ceramic 



Mod. 341$ t?pe SOS S/N mo 
Mod. 3420 Type RM503 S/N 'sfO 



8 Mpf 
18 fXfif 
8 jUjuf 
IS fi/if 



281-503 

281-542 

281-503 

281-542 




C308a 

R308a 

C30&C 

»308C 

R308e 




c^o8a 

R4o8a 

C4o8C 

b4o8C 



HCaiaCWlAL SBHSITIVm SWITCH 



VESraCAL SENsmVITY SWITCH 





